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PREFACE 
Next t o  the clash of ideologies, the most critical middle to  long term problem affecting 
humanity is the supply of energy. If this problem can be solved, populations can be fed, 
mineral resources of lower grades mined and industry maintained. If it cannot, the outlook 
for our children is very serious. 
Conventional energy sources need t o  be balanced against, perhaps augmented by new, 
unconventional sources. Some observers think that within 33 years, petroleum production 
must seriously decline. Coal, though plentiful in some countries, is attended by social and 
environmental problems if it is t o  be won in larger quantities. There is said t o  be as little 
as 10 years' supply of proved uranium for the fission reactor. Fusion, solar, geothermal 
(especially injection-hot rock) and tidal energy sources all need to  be considered. 
IIASA is uniquely placed t o  consider and balance the possibilities, taking into account 
the l~umerous variables. These Conferences. on sources and demand,* make a first attempt 
to  do this. 
Sir Kingsley Dunham 
Foreign Secretary of the Royal Society 
Member of the IIASA Council 
* ~ e c  "Proceedings of the Workshop on Energy Demand. May 22-23. 1975" (1976), 
William D. Nordhaus. ed., CP-76-1. Intcrr~ational institute for Applied Systems Analysis. 
1.axcnburg. Austria. 
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INTRODUCTION 
I t  is generally agreed that mankind must prepare itself for a major shift in its 
energy structure. With a growing energy demand (even if people no longer agree 
on the actual growth rate of the energy demand, they nevertheless generally agree 
that it will continue to  increase on a worldwide basis) conventional energy resources, 
and especially petroleum, will last only a limited time. This has been dramatically 
emphasized by M. King Hubbert, who demonstrated the shortness of the oil era 
within a total time span of plus or minus 5,000 years before and after Christ. Even 
with coal, of which the resources are possibly 10 times greater than those for hydro- 
carbons, many scenarios point t o  a limited use period. 
Fortunately, there are other energy alternatives. One of them is quasi-infinite, 
namely solar; others open the way t o  very great possibilities: nuclear fission with the 
breeders, thermonuclear fusion if successfully demonstrated, and possibly geothermal 
energy. Incidentally, i t  is worth mentioning that various forces may even lead us t o  
introduce some of these energy alternatives long before the conventional ones are 
exhausted: the growing concern about the impacts of energy production and con- 
sumption on the environment and on the other resources such as land or  water; 
political constraints or the national search for energy independence; simple economic 
considerations. Is there not, for instance, a school of thought which claims that 
nuclear electricity is already much cheaper than conventional electricity produced 
from coal or oil a t  today's prices? 
If all possible energy alternatives were t o  be developed, we would progressively 
shift &om a threatening energy shortage t o  an endless energy surplus. But, in fact, 
each energy option has its problems and, unfortunately also, its negative effects. 
I t  is thus a major task t o  compare the various energy alternatives. The International 
Institute for Applied Systems Analysis (IIASA) has undertaken such a task. But i t  
is also an extremely difficult task because the tools for making such comparisons 
simply d o  not yet exist. The scientists have t o  develop these new tools while a t  the 
same time tentatively trying t o  obtain preliminary answers. 
Among the many factors which must be taken into account, the amount of 
resources is of major concern. I t  is not sufficient t o  say that under given conditions 
(say, with the nuclear breeder) these resources are quasi-infinite, or unlimited on a 
time scale of many centuries. Such an over-simplification-or such overconfidence- 
has already brought its share of problems in the past. Resources will have to be 
harvested, accompanied by a heavy impact on the environment. I t  is necessary t o  
know where they really are, and of what "quality" in order t o  assign them t o  various 
classes or categories, as the various classification schemes tentatively do. 
And this task must be performed for the resources of the future t o  allow the 
recognition of choices and to illuminate these. But, never really having been done 
before, it must also be performed for the resources of today or say, of the next 1 0  
t o  5 0  years or so because the further we dip into the energy problem, the better we 
are able t o  sketch the possible energy picture of the future, and thus the more 
seriously do  we realize the importance of  the transition period. Owing t o  the size of 
the energy sector and its concomitant inertia, wrong--or premature-choices can be 
synonymous with a national economic catastrophy because of the required level of 
capital investment and the time scale involved. 
A crucial question related t o  the future shift toward nonconventional energy 
resources is how long do we have t o  complete such a transition? How long can we 
continue t o  use our existing resources? If we discard them too soon it  will cost 
us dearly because the accelerated conversion will be extremely expensive. If, on 
the other hand, we plan to use them for too long we will have t o  rely increasingly 
on the less economical of them, with a resulting financial penalty. What then is, 
or what could be, the right time? 
These are some of the reasons and questions which prompted IIASA to devote 
a special and continuous effort t o  resource assessment as part of its task of comparing 
energy alternatives and studying the transition. Within the framework of such an 
effort it  became apparent that periodic conferences on resources would be a powerful 
instrument t o  help perform such a task, giving scientists from all over the world 
an opportunity t o  express and exchange views on energy resource assessment, as 
well as providing the IIASA staff with up-to-date information on  the most recent 
data and methods. These methods are a t  least as important as the data and fit in 
very well with IIASA's general concern for developing systems analysis methodologies. 
This Conference Proceedings is a publication of the first IIASA Conference on 
Energy Resources, which was held in Laxenburg, Austria, May 20  and 21, 1975, and 
which assembled about 100 participants from roughly 1 5  different countries. 
Owing t o  the very broad nature of the subject of energy resources i t  was decided 
that this first Conference would be devoted t o  a number of general problems (including 
the fundamental problem of resource terminology and classification) and would in- 
clude three other main sessions on conventional energy resources, namely: Coal 
Resources, Conventional Hydrocarbon Resources, and Uranium ~esources.' It is clear 
' ~ t  the time of writing, a second Conference is planned for July 1976 at  Laxen- 
burg on all hydrocarbon resources and mainly on the nonconventional ones (oil 
shales, tar sands, tight gas, methane gas from coal seams, etc.). 
that these three types of  energy resources are very different: 
- Coal has enormous resources, which generally all have been located, if not 
always completely identified (say in their three dimensions, or in quality 
and/or workability). For many years--even many decades in most cases-- 
there has been practically no coal deposit research and/or exploration, 
apart from a local scale for determining the next coal field to be mined. 
- Oil and gas resources, the known amounts of which are far less considerable 
than those of coal, correspond to only a few decades of present consump- 
tion; for this very reason they are continuously being searched for by 
the most powerful industry in the world. Methods of assessing these vital 
resources are becoming very sophisticated and are under continual develop- 
ment. 
- Uranium resources (not speaking here of thorium resources, which are 
not of any present commercial and/or scientific interest) are again of a 
completely different nature. As is known today, with the existing type 
of reactor they hardly compete with oil insofar as possible duration is 
concerned. As is supposed, and probably correctly, with future thermal 
or fast breeders these resources would surpass coal by one and probably 
two or more orders of  magnitude. But they were not considered as a target 
by big industry up t o  now (compared to oil, for instance) and most of them 
were discovered by private enterprises, if not by "Sunday" or amateur 
geologists. 
Because of these differences the same emphasis could not be given to each of 
the various resources during the first Conference. For coal, we tried t o  select the 
contributions that illustrated the diversity of the viewpoints and t o  stress the funda- 
mental problem of conversion of the resources into reserves and sometimes, unfortu- 
nately, the reverse problem of the conversion of known reserves into noneconomic 
resources. For uranium resources the first and main problem is to  locate them. 
There is also a general consensus that we have not yet really scratched the surface of the 
potential uranium resources. To locate these resources, an adequate economic and 
industrial environment, which does not now exist, must be established. If i t  is really 
to be established, scientific methods of search and exploratiori will have to  be used, 
drawing partly on other energy resource models or methods and partly on other 
mineral resource models or methods, in order to  respond to the high demand of a 
commodity market able to  grow faster than any other, if forecasts materialize, that is. 
The hard core of  this Conference was the oil and gas session. In addition to  
a few general approaches, and reflections or comments on the modeling of petroleum 
resources, i t  was one of the first times that various types of models were really pre- 
sented, discussed, and compared, both during the conference itself as well as during 
a follow-up specialized session organized on the spot. Behaviorist models, geological 
analogy, objective and subjective probability approaches were openly and keenly 
discussed. Their evolution was, of course, recently boosted by the world oil situation. 
But this lack of maturity or, let us say, their margin for improvement, can be illus- 
trated, as is sometimes mentioned, by the fact that their independent utilization by 
different oil companies results in bids for unexplored prospects that differ by an order 
of magnitude, if not more. 
I t  is hoped that this book--the first of a series on Energy Resources-will make 
a valuable contribution t o  the state-of-the-art of the methodology of energy systems, 
which is also one of the goals of ILASA. 
ABOUT THE BOOK 
Because of organizational problems, the various contributions to the Conference 
were divided into five sessions, as can be seen from the Agenda (together with the List 
of Participants). However, we have prefered here to adhere to the original division 
into four main sections: General Activities and Classification of Energy Resources; 
Resource Modeling and Petroleum Resources; Coal Resources; and Uranium Resources. 
During the Conference all the discussions were tape recorded and immediately 
typed-so promptly, in fact, that on the second day some participants were already 
able t o  correct the typed version of their comments made on the £kt  day. Where 
necessary, this typed version was revised by the contributors. During the sessions 
we also used question and answer sheets which the participants completed most 
cooperatively. For this book we have selected the better of the two versions, and we 
take responsibility for making some rearrangements, as well as omissions, when it  was 
thought that discussions did not contribute to the value of the scientific content 
(we trust the kind understanding of the contributors), especially when measured by 
considerations of space and clarity. For clarity we have also added a very few papers 
that were registered for the Conference but could not be delivered. 
Finally, in order to help the reader understand and t o  enable him to pursue 
better our own line of thought in organizing this Conference, we have added a few 
pages of linking text when considered appropriate. The organization of this first Con- 
ference by the Scientific Secretary was a most arduous task; and the preparation of 
the corresponding book by the Editor was no less demanding. Having myself taken 
on both jobs, I am not now writing this to escape my duties. On the contrary, I 
gladly assume the full responsibility for any error or mistake, my efforts having 
already been largely rewarded by the unforgettable kindness and support of all the 
participants. 
For each technical chapter, the linking notes are presented first, followed by 
the opening statement of the Chairman of the corresponding Session, the list of 
papers, and the discussions. The papers themselves are given a t  the end of each tech- 
nical chapter. 
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CHAPTER 1 
GENERAL ACTIVITIES AND CLASSIFICATION 
OF RESOURCES 
GENERAL ACTIVITIES 
Having emphasized in the Introduction the general importance of assessing 
energy resources, i t  will be seen from the first paper how this work fits into the overall 
tasks on resources in the IIASA Energy ~ r o j e c t . ~  The other contributions in this 
section deal with energy resource data, their collection and use, and with a systems 
approach t o  the economic estimating of fuels. 
One of the t o d s  employed daily in energy is, of course, the handling of data. 
Going into detail i t  is easy, and unfortunate, t o  discover how scarce and, most often, 
how inconvenient these data =--a fact which was made dramatically evident by the 
energy crisis. If we can say that the situation is already difficult with national energy 
statistics, i t  is worse on the wodd scale and especially 80 for resources. 
For many years--and especially with the three S w e y s  of 1962,1968 and 1974- 
the Wodd Energy Conference has been making a strenuous and valuable effort t o  
improve the data situation; the results are still, however, far from perfect. In the 
last Survey, prepared from the Wodd Energy Conference in D e b i t  in September 1974, 
special attention was devoted t o  the processing of the data, and this work, the reasons 
for doing it, and the plans t o  extend it, all were presented a t  the very beginning of 
the IIASA conference3 during the seasion o n  General Activities and Classification 
of Energy Resources. 
'1n fact, the lecture by M. Grenon was also partially used t o  introduce the 
IIASA Energy Project t o  the attendees of the Conference who were not  familiar 
with the Institute and its Energy Project. 
%dependent of this presentation, a very interesting review of the WEC Surveys 
for coal resources was included in the paper by Giinter B. Fettweis during the Coal Session. 
At  a more restricted level, the concrete problems of a nationalized country-- 
in this case, Hungary-are presented in the short paper presenting the energy situ- 
ation there, and national statistics are used t o  illustrate historic trends. 
Finally, the general application of mathematical models for the development 
of fuel estimating was reviewed, based on the impressive experience accumulated 
in the Soviet Union with the mathematical models used t o  study the energy economy 
of the country. 
CLASSIFICATION OF RESOURCES 
In  the WEC Surveys, and specifically in the last Survey in 1974, special attention 
was devoted t o  the classification of energy reserves and resources, although finally, 
because of the many varying features of the national classifications (when they exist), 
in most cases a simple classification dichotomy was chosen: proved reserves and then 
all other resources put together. 
As long as resources are considered, let us say, in a static way like idle capital 
for a dietant future, such a classification may be acceptable. This is n o  longer the 
case when studying strategies for which long term resources must be classified in 
various categories of cost and/or geological evidence (and/or extractability, plus 
many other possible factors) as far as possible. Moreover, if we consider strategies 
for future energy development it  will also become necessary t o  introduce the time 
dimension into the classification systems, with forecasts of the possible evolution 
of the various categories of resources, from the least known and most expensive t o  
harvest, t o  the proved and economic type; such a shift can occur through better 
geological knowledge (which means exploration programs) o r  improved technologies. 
This problem of claseification of energy resources is then very important. But 
it is also controversial, as will appear from the lively discussions which followed the 
two papers devoted t o  it: the fvst paper considers resource assessments and the 
necessity for developing better methodologies--a fruitful reflection on all the domains 
which overlap a simple classifying and estimating problem; and the second paper, 
summarizing a study performed for the Electric Power Research Institute, analyzes 
the pros and cons of the USGS-USBM classification of energy resources, the so- 
called "McKelvey diagram". This last paper is especially important as new efforts 
will poesibly be made in various places (including IIASA) t o  improve the different 
existing classifications and maybe t o  explore the possibilities of standardizing them 
in order t o  reach some common definitions, which can dramatically aid any further 
global study of  world energy resources. 
These two papers are followed by a review of the classification of petroleum 
resources and reserves in the USSR, and a comparison of the classifications used in 
the USSR with those in other countries. Thie paper comments on the common points 
of the various classifications and stresses that i t  would be interesting t o  explore the 
possibility of adopting similar classifications throughout the world. 
Finally, i t  is worth mentioning that, immediately following the IIASA Con- 
ference, an informal meeting was held to  discuss this problem of classification further. 
One of the main problems which was discussed a t  length was how t o  correlate existing 
classifications for exhaustible energy resources and still-to-come classifications for 
nonexhaustible energy resources (like solar energy or hydraulic potential) for practical 
purposes. During this meeting the possibilities for creating some permanent inter- 
national group t o  promote reflection and t o  achieve some progress on this complex 
problem was also explored. 
The session on General Activities and Classification of Energy Resources was 
chaired by M. King ~ u b b e r t ~  from the United States Geological Survey, who pre- 
sented the General Introduction t o  the conference and t o  this particular session. 
OPENING REMARKS BY CHAIRMAN M. KING HUBBERT 
One of the most important developments in contemporary scientific and tech- 
nical thought is the growing awareness of the significance of energy in human affairs. 
The universality of energy in terrestrial activities can be appreciated when we con- 
sider that the earth is a nearly closed material system through whose surface environ- 
ment there occurs a continuous influx, degradation, and efflux of energy. As a con- 
sequence, the mobile materials of the earth's surface undergo either continuous or 
intermittent circulation. These statements encompass just about everything that 
happens on the earth, including our being here today at  this Conference. 
This flux of energy is a continuing process which, with only minor variations, 
has persisted throughout the span of geologic time. The principal sources of energy 
influx are but three, the solar radiation intercepted by the earth, geothermal energy 
from the earth's interior, and tidal energy from the potential and kinetic energy 
of the earth-moon-sun system. 
Measured in units of 1012 thermal watts (Wth), the rates of influx from these 
sources are 
Solar 174,000 
Geothermal 32 
Tidal 3 .  
4 ~ .  King Hubbert is a research geophysicist with the USGS. He has taught 
geology and geophysics at  Columbia University for 1 0  years, and was a professor of 
geology and geophysics (part time) at  Stanford University for seven years. After 
20  years in research with Shell Oil Company he joined the Geological Survey in 1964. 
I t  is thus seen that the solar influx is about 5,000 times the sum of the other two. 
Of the solar influx, about 30%, or 52 . 1012 Wth, is reflected and scattered 
into outer space as visible short-wavelength radiation. This fraction is ineffective 
with respect t o  terrestrial processes. The remaining 70%, or 122,000 . 1012 Wth, 
w a r n  the earth, drives the circulation of air and water, and a small fraction, stored 
chemically by the process of photosynthesis, becomes the basic energy source for 
the physiological requirements of the plant and animal kingdoms of the earth's bio- 
logical system. With one small exception, this energy undergoes a series of degrada- 
tions until i t  reaches an end state of heat a t  the lowest ambient temperature of the 
earth's surface. This is then re-radiated t o  colder outer space as long-wavelength 
thermal radiation. 
The minor exception pertains to  the minute fraction of plant and animal mate- 
rials that become deposited in peat b o g  and other oxygendeficient localities where 
they cannot completely decay. When these became buried under great thicknesses 
of sedimentary sands and muds during the geologic past, they were preserved and 
converted into the earth's present supply of fossil fuels. 
These processes are occurring now, and they also have been occuring during 
a t  least 600 million years of geologic history. The oldest gas field of which I am aware 
has been found in Australia in late Pre-Cambrian rocks--perhaps 600 t o  700 million 
years before the present. In the United States and other parts of the world, oil and gas 
accumulations have been found in rocks of all geologic ages from the Cambrian, 
nearly 600 million years ago, to  the last million years in the Mississippi delta of coastal 
Louisiana. 
The oldest major coal deposits are the bituminous and anthracite coals of 
the Carboniferous Period, about 280 t o  350 million years before the present. Then 
there are younger subbituminous coals of Mesozoic age (65 t o  200 million years ago), 
Tertiary lignites, and finally peat which is accumulating a t  present. 
The energy stored in the initial supply (before human exploitation) of recover- 
able foesil fuels is estimated to amount t o  approximately 2.3 . 1023 thermal joules 
(Jth). Other static stores of energy within minable or drillable depths beneath the 
earth's surface are represented by earth heat, and by the nuclear energy obtainable 
from the heavy elements uranium and thorium by fissioning, or from the lightest 
element, hydrogen, by fusion. 
An informative comparison can be made between the magnitude of the stored 
energy of the foesil fuels and the rate a t  which energy impinges upon the earth from 
sunshine. The e n e r g  obtainable from the fossil fuels, as we have noted, amounts 
t o  about 2.3 . 102 Jth. The effective solar energy influx is a t  a rate of about 
1.22 1017 Wth, o r  joules per second. This amounts to 1.05 1022 joules per day, 
and the time required for the energy accrual from the solar influx to equal the stored 
energy of the fossil fuels is only 22 days. 
Considering that the solar influx is continuous and has been at about the same 
rate for hundreds of millions of years, i t  becomes obvious that the largest source 
of energy available t o  the earth, past, present, o r  future, is that from the sun. 
Let us now consider the human historical evolution which I think is pertinent 
t o  this Conference. We have noted that the time required for the accumulation of 
the fossil fuels was about 600 million years. I t  has been only within the last 2 or  
3 million years that man has emerged as the world's dominant animal species. During 
this period man began t o  do things with the environmental energy flux which no 
other animal in geological history had ever done before. Initially, this consisted of 
the manipulation of the ecological, biologic system in such a manner as t o  increase 
the food supply. Then, about a million years ago, he did a momentous thing when he 
learned to build a fire, thus tapping the energy of wood--still a biological source of 
energy, but one not previously utilized for human purposes. By the time of the 
ancient Egyptians, he tapped a nonbiological energy channel, namely windpower, 
and by Roman times, waterpower. The net effect of all such activities was t o  increase 
the human population, both in density and in geographical extent, with corresponding 
adjustments in the populations of all other plant and animal species of the ecological 
system. However, the energy per capita increased but slightly because these changes 
occurred so slowly that the growth of the human population was fully able t o  keep 
pace with the increase of the energy supply. In fact, i t  was not until continuous 
exploitation of the fossil fuels was begun--coal about nine centuries ago and petroleum 
in 1859--that a supply of energy became available whose rate of increase of exploita- 
tion was capable of being greater than the rate of growth of the population. 
Now just a word concerning the contrast between the recent past and the 
present. Despite the fact that coal has been mined continuously since the eleventh 
century, the amount of coal mined since 1940 exceeds somewhat the amount mined 
during the preceding nine centuries. Similarly, the amount of oil produced since 
1965 is slightly more than all the oil produced before 1965. 
Finally, the fossil fuels are absolutely exhaustible. When coal or oil is burned 
the material constituents remain on the earth, but the energy content, after a series 
of degradations, eventually leaves the earth by outward radiation. According t o  
the best present estimates of the world's ultimate crude-oil supply--which I think are 
reasonably accurate--the world will probably reach the peak in its rate of oil production 
before the end of the present century. Disregarding the first and last 10-percentiles 
of the ultimate production each of which will require a longer period of time, the 
time required to  consume the middle 80% of the world's ultimate oil supply will 
probably be close t o  the 60-year period from about 1970 to 2030. Thus, a child born 
within the last decade, if he lives a normal life expectancy, will see the world consume 
most of its oil during his lifetime. In the case of coal, the time span for the middle 
80% is somewhat longer, but, according t o  one of the papers t o  be given before this 
Conference, i t  is possible that recent estimates of the world's coal resources may have 
been too large. In that case the peak in the rate of coal production may be reached 
within about a century from now. The time required t o  produce the middle 80% 
of coal may be as short as 200 years. 
Hence, if we regard the period of exploitation of the world's supply of fossil 
fuels in the context of a period of human history extending from about 5,000 years in 
the past to  5,000 years in the future, the curve of the rate of production of energy 
from the fossil fuels would appear as a Washington-Monument-like spike of about two 
or three centuries width for the middle 80% of the ultimate production. I t  would 
thus be  evident that the epoch of the f m i l  fuels is but  a transient and'ephemeral 
event in the totality of human history, an event nevertheless which has exerted the 
most profound influence upon the human species that i t  has experienced during its 
entire biological existence. 
In the light of these circumstances, i t  is hoped that the world's resources of 
the fossil fuels t o  be reviewed in this Conference may be perceived in their proper 
relation t o  the world's total energy system. 
GENERAL ACTIVITIES 
"Resource Studies in the Energy Project of the International Institute for 
Applied Systems Analysis", presented by M. Grenon (p. 25). 
'WEC Activities in the Field of Surveying World Energy Resources", presented 
by L. Bauer and R.S. Carlsmith (p. 45). 
"Decreasing Role of Resources in Hungary", presented by K. Patyi (p. 55). 
"A Systems Approach t o  the Economic Estimating of Fuels", presented by 
M. Albegov(p. 59). 
After these papers, Giinter B. Fettweis gave an excerpt (consisting of most of 
his Section 10, "Proposals for an International Classification System of Coal Deposits") 
b o m  his paper prepared for the Coal Session; this Section was the part closely related 
t o  the classification problem. 
Next, I. Stancescu read the statement that follows below. (A few questions 
were raised on these general introductory papers, and these will be dealt with in 
the Discussions Section.) 
The worldwide interest in natural resources and energy has caused a considerable 
increase in related activities in the United Nations system in the last few years. A 
Special Session of the General Assembly last year was devoted t o  natural resource 
and energy problems. The Economic and Social Council of the UN now pays them 
increased attention, and the United Nations Committee on Natural Resources is 
very active, exclusively in this field. 
As a permanent body the Center for Natural Resources, Energy and Transport-- 
it  emerged last year from the UN Committee on Natural Resources--is in charge 
within the Department for Economic and Social Affairs a t  UN Headquarters in New 
York of all related substantive activities. In addition, the UN Economic Regional 
Commissions and the Specialized Agencies within the UN system are correspondingly 
increasing their energy-related activities. 
From this work, and from the resulting cooperation and coordination activities, 
problems similar t o  those discussed here this morning arose very early. The need for 
widely accepted classification and definition of energy resources and reserves, the 
need for common terminology and methodology in their evaluation and assessment 
were found t o  be essential for any attempt t o  establish an energy information basis, 
so strongly requested by the UN member countries. 
Recently, in its Fourth Session held a t  the end of March 1975 in Tokyo, the 
UN Committee on Natural Resources reinforced the decisions to  strengthen the 
voluntary exchange of information on natural resources and energy on a global basis 
and it  suggested that the Secretary General submit a proposal t o  the Economic and 
Social Council t o  implement recommendations concerning the intensification of 
- 
United Nations information services for natural resources and, of course, energy. The 
Committee also suggested that the Secretary General convenes a group of experts, 
selected on a equitable geographic basis, t o  prepare a report recommending a common 
set of definitions and terminology that might be used internationally for reporting 
to  the United Nations on mineral resources. 
I t  might be of interest for the long term energy studies of IIASA that the 
Committee on Natural Resources suggested the Economic and Social Council 
recommend that the United Nations University consider including research work on 
solar and geothermal energy in its priority program, and that they also pay serious 
attention, in the next few years of UN energy activity, t o  the development of such 
sources of energy as coal, oil shale, and solar and geothermal energy. 
In another area of interest for the IIASA energy project, I would like t o  add 
that the Committee urged the Secretary General t o  increase coordination t o  strengthen 
research and the dissemination of information on natural resources development 
projections. Of course, a t  the UN there already are studies and activities under way 
in all mentioned areas, but the recent decision of the Committee on Natural Resources 
reinforces them considerably. 
Finally, on behalf of the Director of the Center for Natural Resources, Energy 
and Transport, I would like t o  extend to IIASA and t o  other interested bodies and 
specialists the Center's most cordial offer for close, substantive cooperation in all areas 
here under discussion. 
Prof. I. D. Stancescu 
United Nations 
20 May 1975 
CLASSIFICATION OF RESOURCES 
"Resource Assessment and Supply Curve Development: Toward Better Method- 
ologies", presented by Milton F. Searl (p. 71). 
"Problems and Opportunities in Adapting US Geological Survey Terminology 
t o  Energy Resources", presented by John J. Schanz, Jr @. 85). 
"Classification of Petroleum Resources and Reserves in the USSR and Its Com- 
parison with Classifications Used in Other Countries", by M. Sh. Modelevsky 
and V. F. Pomonov, presented by A. M. Belototski (p. 121). 
DISCUSSIONS 
Rose 
I simply would like t o  echosupport for the statement that the McKelvey diagram 
can be adapted. We realize that it was derived early, from a mining concept, and 
we had severe reservations at  first about how it  could adapt t o  petroleum. But bending 
a few things here and there, adapting certain definitions, it, in fact, does work, and 
we have adapted it  successfully. 
The second point I would like to  make is that the US Geological Survey is not 
involved with the estimating of crude reserves. That work is carried out by the US 
Bureau of Mines, or it is carried out simply by taking reserves information from 
the American private mining industry. 
Grossling 
I would like t o  ask which are those ordinates used in the first chart shown by 
M. Searl. One coordinate was the number of deposits for a given grade, and apparently 
the other was related to  economics. Or was it the number of mines in actual exploi- 
tation? 
Searl 
The diagram shows a good linear relationship between the average grade and 
number of deposits over a certain grade range. However, a t  lower grades the observed 
data differ significantly from the extended linear relationship. This divergence is 
assumed to be owing to economic factors--that is, higher costs of producing lower 
grade deposits. 
Brinck 
Concerning your graph of the number of ore deposits versus grade, you should 
make a difference between ore deposits of a given grade and the number of mineral 
deposits with this grade specification. Furthermore, it  is a well known fact that both 
grade and size of US uranium deposits independently appear t o  be log normally 
distributed; J. Patterson (1974)~ explained this from the fact that the low grade, 
small size tails are caused by the decreasing probability of the economic viability 
of these deposits, the h g h  grade, large size tails, by the decreasing chance of their 
existence. 
I would like t o  congratulate both authors on theattention drawn t o  the McKelvey 
diagram, and on the visualization of the way the two axes tie together. Earlier 
G. Fettweis drew attention to "mapping for a certain point in time", and M. Searl 
drew attention t o  the need t o  trust the use of professional skills of those who supply 
resource documents. The point is that it  costs money to find out  about resources 
by excavating, by putting holes in the ground. There is a high failure factor. I t  is 
by introducing your professional skills, making people aware of the supply position, 
that you actually illuminate the resource base, and I think one of the points of this 
Conference will be perhaps t o  show that the two axes of the McKelvey diagram are in 
a way interdependent. I am pleased with the observations of both gentlemen at  this 
point. 
Bowie 
In uranium assessment we have a practical approach which has meant attempting 
t o  assess reserves and resources within different price categories. However, we believe 
in f i t  things f i t  and have concentrated on the less-than-$30-per-pound U308 as 
the material that is likely to  be used until the end of the century, although we have 
' ~ o h n  A. Patterson (1974), "Outlook for Uranium", presented a t  the 17th 
Minerals Symposium, American Institute of Mining, Metallurgical, and Petroleum 
Engineers, May 11,1974, Casper, Wyoming. 
made some assessment of resources up t o  $ 100 per pound of U308. High cost 
resources may never need to be used so their accurate assessment seems less important 
a t  the present time. Perhaps it is not very significant in 1975 t o  know what the 
ultimate resources of uranium are.6 
Loennro th 
I have a question for M. Grenon. Have you tried t o  adapt the concept of net 
energy content (that is, the energy content when the amount of energy needed for 
recovering the reserves has been subtracted) t o  the McKelvey diagram? 
Grenon 
We are in the process of investigating this possibility, and we are especially 
studying uranium shales and very low grade uranium ores. First results show that 
the figures for the tonnages t o  attribute to  the various categories of resources of 
the McKelvey diagram can be considerably modified. Of course, this is also related 
t o  the economic scale of the McKelvey diagram, but such a relationship is not clear 
for the time being. 
Hubbert 
Let the Chairman make a brief remark. I have worked with the US Geological 
Survey and have had a close association with this McKelvey diagram since its inception. 
A logical difficulty with the system is that it violates a fundamental principle of scien- 
tific intelligrbility expounded repeatedly by the philosopher of physics and Nobel 
Laureate, the late P. W. Bridgman: It  is fundamental in physics that every concept 
that one uses must be definable operationally; otherwise one's analysis is unintelli- 
gible or, literally, nonsensical. The McKelvey diagram, expressed mathematically, 
is equivalent to  the following matrix: 
6 ~ h i s  viewpoint is not shared a t  IIASA, where at  least an idea of ultimate 
resources is looked for t o  help t o  better understand and to define long term energy 
strategies [the Editor]. 
Unfortunately, no means exist for determining any of the terms Q..,  except the first B 
two or three. Hence, schemes of this kind violate Bridgman's criterion of intelligi- 
bility. An equation involving indeterminate or undefined terms cannot possibly yield 
a result of any higher intelligibility than the terms of its independent components. 
In my own studies, I have never found the McKelvey scheme to be of any use. 
Grossling 
Mr. Chairman, may I comment on your statements? Here I have four figures 
(see Figures 1, 2,  3, and 4 below) that might clarify something. Suppose we make a 
representation in three axes. On one is the probability p, the probability that some- 
thing exists multiplied by the probability that it can be found; p is the probability 
of discovery. On the second axis we put the unit price U. As the third coordinate we 
are going to use a second derivative of the resource * when Q is the resource 
d p  dU 
variable. The reason for this is, of course, that a double integration will need resource 
amounts. Then we could define a proper range of probabilities, for example 0.5 t o  
0.6 and a range of prices, and then we can determine either by a computer model or 
by direct calculation the amount of that resource. We should d o  that for the full 
range of probabilities and prices. The second derivative defines a surface in the space 
of the three coordinates discussed. The McKelvey diagram is a way t o  classify this 
surface into compartments. If you take a slice in that surface and measure it--let 
us call it dR--then you can make a diagram, and deduce a resource for a price range. 
The integral of pdR of the resource base becomes simply the expected value. So 
the question is only one of semantics. 
d 2 ~  versus p I refer to  your three dimensional diagram where you plot - d p  dU 
probability and U price. What happens if you integrate over U? You should obtain 
the probability of existence of resources (geological probability). Integrating over this 
probability you should obtain the existing resources. Or you can look at  i t  just the 
other way around: starting from the inferred total of existing resources, you could 
d2Q 
use this total as a boundary condition for the twofold integration of - which dp dU 
d2Q would result in a cailbration of the axis for - . Did you use any of these con- dp dU 
siderations in designing your schcme? 
Grossling 
As 1 said, ~ l ~ e  variables that 1 used in the diagrams are the probability p, the 
unit cost U, and the second derivative of the resources with respect t o  p and U, or 
its finite approximation A (A Q) . 
Ap. 4 U  
In Figure I we represent the resources corresponding to an element A P and 
A (A Q) AU, namely A(AQ). If we plot in the vertical direction the quantity- 
Ap. AU 
then the volume of the elementary prism is A ( AQ). 
Figure 1. 
The probability p in this case is the product of  the probability that the resources 
exist somewhere in the region being considered, and the probability that they be 
found . Also, one could make the corresponding diagrams for the probability of 
existence pe and for p separately. The reason for using fi is that with a double dp dU 
integration on p and I1 one obtains 0, the resource. 
Now, if we assume that the process is applied to  the full range of p and U 
and that Ap + 0 and A U + 0, then we would obtain a surface such as that 
indicated in Figure 2. The volume under ABCD in Figure 2 would represent Q .  
If we consider a certain interval Ap and integrate on I J  we get the slice AK of 
resources as  indicated in Figure 3. 
Finally, if we consider f i  as a function of p, which is thc result of integrating 
the surface o n  U, we obtain a curve such as that  represented in Figurc: 4. 
The  resource base can, in t h k  sch(:mc, be dcfinetl as t h ~ :  c:xpceted value of It, 
namely: 
p d l i  . 
c 
Figure 4. 
Upon the above method of description of the resources, one could superimpose 
a partitioning of the space Q t o  facilitate resource classification. The McKelvey 
diagram is a classification of the projection of the surface upon the p and U plane. 
Hafele 
I have a question t o  both M. Searl and J.'Schantz. You mentioned cost and 
geological probability as parameters, o r  constraints, for considering resources. If 
we would like to include more dimensions in such types of diagrams, what other 
categories, o r  constraints, are t o  be considered if a responsible policy, say of a govern- 
ment, is t o  be established? Is it pollution, production of waste, the issue of public 
versus private? What is it? 
Searl 
Government policy toward resources exploration, exploitation and manage- 
ment would be my number one choice, technology probably second. 
Sickler 
Since I am from Shell, maybe I can attempt to  answer partially this question 
from the industry point of view. Of course, the taxation policy is the instrument 
with which the government tries t o  regulate what happens--at least in the Western 
world--and, of course, the government can encourage looking for resources, and they 
can d o  it in different ways. They can encourage you t o  look for the marginal things, 
so the more costly things also come in. They can also encourage you not t o  d o  that, 
and only look for the large things. Rules on pollution, established practices, etc., 
can only be set by international cooperation and are not very effective if set by 
individual governments. 
Odell 
I think that governmental policy requirements depend on inbuilt attitudes 
of governments toward discovery and/or exploitation of resources. If, as in the USA 
or USSR, there is an "inherent belief" in autarchy, then this produces a different 
attitude to  investment in resources evaluation compared with a region such as Western 
Europe, in which world trade in resources is taken to be a fundamental element in 
the accepted economic system. 
Maybe we could make the following suggestion: define a net benefit for mankind 
as a yardstick for exploitability of resources. Let us explain this. This net benefit 
would have t o  be the balance of all direct and indirect costs, benefits, risks, and 
other hazards, including for example, effects on health, environment (also aesthetics 
of environment), employment of people, social and political effects such as integrating 
or disintegrating people or regions. 
This "exploitability" would have to vary with time, as the technology of mining 
and energy usage develops, and as weighting factors (for example between costs 
and health hazards) will vary with time. This "exploitability" will also depend on 
the socio-economic environment in the sense that other projects (for example agri- 
cultural, medical, educational, technical infrastructure) will compete with projects 
of energy resources exploitation for limited energy, financial, and manpower resources. 
A strategy for the best use of all these resources will have to  be developed. The 
above definition is intended t o  be comprehensive, but not necessarily practical. 
Fettweis 
I will give another answer t o  the question of W. HBfele. I think i t  is also a 
question of ethics, and of the interests of different groups. And that is different 
in different countries. 
Brin 
I think that for a government, the most important factors are 1) the prices, 
and 2) the security of the supply with respect to national independence. 
Belototski 
I should like to  draw attention to the question of complex observation of 
resources and demand, and t o  underline the methodological difficulty as I see it. 
There is no use in investigating resources if not t o  compare them with demands in 
integrated mathematical models. An additional point is that the description o l  
resources must be done with a characteristic of its price, as we have it, for example, 
with uranium resources. 
Moreover, the time of calculation of resources and demand must be the same. 
We have quite useful econometric models on demands for a short period of time. 
What sort of models can meet these differences of calculation and maybe what sort 
of additional preparations are necessary to  improve the separated models--resources 
and demand models--for their close cooperation are important questions. 
Would you plea~c give us point estimates of the quantities in each of the catego- 
ries in the USSR renources and rescrves classification scheme? even if it is a personal 
projection, say a ~ut)jectivc estimate of the orders of magnitude? 
Belototski 
Several figures have been published, for instance in the 1974 World Energy Con- 
ference Survey on Energy Resources. 
Clarke 
Are there any special difficulties in allocating exploration resources between a 
prospect in category C1 (with enough knowledge t o  say the prospect is rather poor) 
and a prospect in category C2 where it is prospective, simply because there is not 
enough data t o  say it is not? 
Belototski 
You see there are no strict borders between categories B, C1, and C2. So there 
are, in fact, some difficulties in planning whether to  produce one category or else 
another. 
Styrikovich 
This is especially true for a new region, in which it  is necessary t o  introduce a 
big infrastructure. Sometimes, you have a not-so-big A, B, and C1, but a very big C2 . 
For example, in the north of Siberia several years ago we had only small amounts of 
gas in categories A, B, and C1, but category C2 was very big. S o  with these conditions, 
it is a question of risk. You must be prepared to make a big investment in infra- 
structure, and also accelerate drilling development, and so on. 

Resource Studies in the Energy Project of the 
International Institute for Applied Systems Analysis 
M. Grenon 
INTRODUCTION 
One of the main tasks of the International Institute for 
Applied Systems Analysis (IIASA) Energy Project is to compare 
the various long term energy options or alternatives (nuclear 
fission, nuclear fusion, solar, geothermal, and "carbonM--that 
is coal, conventional and non-conventional hydrocarbons, such 
as oil shales, tar sands, and heavy oil), and to analyze their 
embedding in the various "spheres" of human interest: the 
atmosphere, the hydrosphere, the ecosphere, the sociosphere, 
etc. After some limiting values have been elaborated (assuming 
an equilibrium population with a given energy consumption), 
two main tools are used for such studies and comparisons, 
generally applied to "model societies" (250 to 350 million 
people, various growth rates and/or types of energy consumption): 
- scenarios for the transition from a pure fossil energy 
economy to a nonfossil or mixed energy economy, through 
linear programming models such as the Haefele-Manne model; 
decision trees, showing the paths and branching points 
for implementation of new energy resources on a large 
scale. Generally these decision trees stress the 
importance of secondary energy forms (electricity, 
hydrogen, or methanol, etc.) and the necessity of 
planning their application very soon in the development 
of a new energy resource (as has been emphasized by the 
relationship between nuclear energy and electricity) . 
Risk assessment (as studied intensively by a joint research 
project group of the International Atomic Energy Agency and 
IIASA) is an important chapter in these comparisons. 
'see W. Haefele and A. Manne (1974), "Strategies for a Transition 
from Fossil to Nuclear Fuels," RR-74-7, International Institute 
for Applied Systems Analysis, Laxenburg, Austria. 
2 ~ e e  W. Haefele and A. Sassin (April 1975), "Applications of 
Nuclear Power Other Than for Electricity Generation", European 
Nuclear Conference, Par is. 
Resource assessment is another important chapter. It is 
clear that energy resources are badly known and the decision 
makers realize the truth of this statement every day with 
growing acuteness. Compared to the reserves, the resources 
are like an insurance for which we have not really--or regularly-- 
paid the premium, that is to say that we have not made a 
serious effort to improve our knowledge of them. 
But in fact, what do we need to know about the resources? 
For our scenarios and/or for the decision makers, there appear 
to be two different points of view for this question of assessing 
energy resources: 
1) An "absolute" point of view: one can try to know as 
much as possible about the various energy resources 
of importance today (mainly fossil) and then decide 
when do we need a new energy option? How long do 
we have to develop and implement a new energy resource? 
2) A "relative" point of view: knowing that in any case 
we need a new energy option (or two, or three new 
energy options), and knowing also that we need a certain 
amount of time to implement it, do we have enough 
resources to make the transition as smooth as possible. 
In the first case, we would like to know the maximum, or 
ultimate, amount of energy resources, and we would possibly 
like to live as long as possible with them. In the second case- 
more decision oriented--we need some kind of acceptable minimum 
value, assuming a more or less tight planning of energy 
development. The various attitudes toward the coal resources, 
depending on time, are somewhat illustrative of these two 
possible points of view. 
Owing to the fundamental importance of this assessment of 
energy resources for any transition scenario and/or any decision 
trees for the implementation of energy alternatives, it has been 
decided in the IIASA Energy Project to perform our own assessment 
of energy resources. The main lines of effort, and preliminary 
results, are presented here. 
RESEARCH STRATEGY FOR ENERGY RESOURCE ASSESSMENT AT IIASA 
Generally speaking, the research strategy at IIASA is based 
on four modes of research activity: 
a) in-house research, 
b) collaborative research, 
C) information agency, 
d) con£ erences . 
It is clear that this first IIASA Conference on Energy Resources 
is self-explanatory as far as point d) is concerned. Let me 
make two comments: 
1) We have emphasized in the Conference invitations the 
methodological aspects of energy resources because 
development of adequate methodologies is one of the 
main objectives of our Institute through systems 
analysis, as shown by our research program.3 
2) The fact that we have concentrated this Conference 
mainly on nonrenewable resources (and not all of these, 
moreover) does not mean that we underestimate the 
importance of renewable resources, for which a similar 
Conference could possibly be held later on, maybe 
next year. In fact, in the IIASA Energy Project, for 
example, we have had a major effort on solar energy 
since last year. 
Concerning the information agency role of IIASA, the 
IIASA Energy Project is cooperating with the IIASA Survey 
project4 and will contribute to a systems analysis State-of-the- 
Art Series on energy resource assessment and to the Handbook 
on Systems Analysis for the energy systems sections. 
As far as collaborative research is concerned, that is, 
research performed at IIASA and in various other organizations 
with a common objective under the initiative of IIASA, let us 
mention a few examples: 
- a Coal Task Force is being organized to study the 
various aspects of possible utilization of coal on a 
very large scale. The National Member Organizations 
who have participated in our first session (on March 
17-21, 1975) were the USA, the United Kingdom, and 
Czechoslovakia; 
- a study has been initiated on the energy expenses of 
mining operations for energy resources. Collaboration 
has begun with France, and this is being discussed with 
the USA, Canada, and the United Kingdom; 
- a Working Group on the Classification of Energy Resources 
has been initiated. 
Finally, in-house research in the IIASA Energy Project is 
summarized in Figure 1, emphasizing three steps from the 
resources in the ground to primary energy consumption: energy 
resource assessment, energy resource production and world 
energy trade. 
Regarding world energy trade, which is mainly concerned 
with the physical availability of energy commodities, explora- 
3 ~ e e  IIASA Research Program, 1975 (1.974) , Summary. 
4 ~ e e  Research Program, pp. 22-23. 
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Figure 1. From resources in the ground to energy consumption. 
tion studies are being performed on the methodology for 
assessing the formation and possible weighting factor of 
producer and/or consumer coalitions, and scenarios are run to 
estimate the effects of possible conservation policies of 
producers (calculations of necessary discoveries over a time 
span assuming various policies of domestic consumption and of 
international export commitments). 
For energy resource production, the main emphasis is given 
to large scale mining problems (coal, oil shales, uranium 
ores of low content, etc.) including ecology, materials demand, 
energy expenses, water resources, land use, risk assessment, 
etc., that is to say, to the identification of systems effects 
of harvesting energy resources on a broad scale. 
ENERGY RESOURCE ASSESSMENT 
The studies on energy resource assessment are divided into 
three main chapters (see Figures 2 and 3): definition and 
classification, data, and methodology and models. 
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Classification of Energy Resources 
The classification of energy resources is a broad 
and interesting problem to which we think insufficient 
attention has been paid. Among the pioneers, it is 
worth mentioning ~lc~elve~, 5 Schurr and ~etschert, 6
'see various papers by McKelvey, such as USGS Professional 
Paper 820 (1973), and note USGS-USBM on new classification. 
6 ~ e e  S.H. Schurr and B.C. Netschert (1960), "Energy in 
the American Economy". 
Govett  and Govett ,  ' e t c .  
A t  IIASA, i n  f a c t ,  we a r e  n o t  s o  much aiming a t  a new 
c l a s s i f i c a t i o n  a s  a t  a b e t t e r  unders tanding  of  t h e  f a c t o r s  
involved  i n  some of  t h e  c l a s s i f i c a t i o n s  of broader  acceptance ,  
such a s  t h e  r e c e n t  USGS-USBM c l a s s i f i c a t i o n  of mine ra l  
r e s o u r c e s  evolved i n  1974 ( s e e  Figure  418 and/or t h e  c l a s s i f i -  
c a t i o n  proposed by t h e  Canadian Department of Energy, Mines 
and ~ e s o u r c e s ~  ( s e e  F igu re  5 ) .  
TOTAL RESOURCES 
Figure 4. USGS-USBM reserves/resources classification (1974) 
identified I undiscovered 
7 ~ e e  G .  J.S. Govett  and M . H .  Govett  (September 19741, 
"The Concept and Measurement of  Mineral Reserves and Resources", 
Resources Po l i cy .  
demonstrated 
*see ,  f o r  i n s t a n c e ,  J.J. Schanz, Jr. ,  "Problems and Oppor- 
t u n i t i e s  i n  Adapting US Geologica l  Survey Terminology t o  Energy 
Resources",  i n  t h i s  volume. 
' ~ e p a r t m e n t  of Energy, Mines and Resources of Canada (19751, 
"Terminology and D e f i n i t i o n s  of Reserves and Resources". 
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The dilemma is that one either makes simple and clear 
classifications (at least at first sight) but leaves many 
factors inexplicit, or else one makes a much more complicated 
scheme but much more difficult to use generally. The choice 
of coordinates in the two criteria diagrams is a crucial one. 
Generally, in North America, the degree of certainty of geo- 
logical knowledge versus the economic cost of production has 
been selected; this latter economic factor was until now much 
less emphasized in the classifications of the USSR and Eastern 
countries. The geological knowledge probably lends itself 
better to definitions than the economic costs, although the 
limit between known areas and unknown areas is not so easy. 
For the economic ordinate, we think that the situation is 
far from clear. A simple example is given by the "forward 
cost" of USAEC, now ERDA, for uranium, which does not include 
leasing and exploration expenses, etc. It is, of course, 
much easier to compare different deposits of the same energy 
resources than to compare two different energy resources (a 
problem that faces the decision maker and that is of great 
importance in our program), and it is difficult to know what 
must be--or must not be--included in cost evaluation: trans- 
portation factors, ecology cost and/or land reclamation, 
technology involvement of subsequent elaboration of the resource 
to make it usable, etc.? It seems particularly difficult, 
especially in the era of rapidly changing economic conditions 
which we have now, to attribute reliable values to the para- 
marginal and submarginal limits of the USGS-USBM diagram. 
Here there is some conflict between the difficulty of knowing 
even the short term values of economic resources, and the long 
term planning requirements. Even the 25 years forward time of 
the Canadian classification is a short period for energy 
planning, where plans have to be made more and more on a 50 
year basis at least. 
~ l s o  related to the limits defining the various classes of 
energy resources of such diagrams--which are indeed badly 
defined transition zones rather than limiting lines--it is 
interesting to consider the mechanisms of passage of one class 
to the other through these "osmotic transition zones". 
Such passages occur when resources become reserves because of 
technological progress and/or rising prices, and when reserves 
unfortunately become noneconomic resources by the nature 
of the exploitation itself, as is well known for coal (for example, 
we can see the dramatic contraction of coal reserves in the 
United Kingdom) and sometimes emphasized for uranium resources. 
We think that the notion of the resource base, as introduced 
by the Canadians, is an extremely interesting one, even if 
we express some reserves about the 25 years time span mentioned 
above. 
In a somewhat similar frame of mind, we have given some 
consideration to the problem of energy expenses relative to a 
given energy resource. Although these considerations concern 
in fact the whole energy chain or system, let us consider 
here the energy expenses involved in mining operations. 10 
At its extreme, the problem can be stated as follows: with 
existing (and not necessarily energy efficient) technologies, 
can we consider as a resource the resources for which energy has 
to be spent in equal or greater amounts than can actually be re- 
covered by using the commodity produced? The problem is 
probably not as severe as such a statement seems to indicate, 
but this concept of energy expenses is probably useful for 
the comparison of different energy resources (such as uranium 
shales versus oil shales of low content), if used in con- 
junction with other factors such as water resources requirements 
and land use and/or reclamation. 
It is clear that the more we have recourse to low content 
ores or low content fuel resources the more severe the mining 
problem will become, as shown schematically in Figure 6. 
Opposition between, for instance, uranium (especially with the 
breeder reactors) and oil from shales is very evident; uranium 
from seawater has been included for comparison.ll Figure 7 
shows the theoretical curve of energy expenses (including 
depollution and possible land reclamation) versus energy content 
assuming that energy expenses can be split (as proposed by 
Brobst of the USGS) into a part independent of the grade and 
another part proportional to the tonnage of ore that is mined. 
Of course, it is clear that such a single theoretical curve 
does not exist, but it has apparently been approached for some 
copper deposits, and we are trying to investigate it for 
uranium and possibly for oil shales. Similar kinds of deposits 
must be considered; and for a range of grades, we try to cal- 
culate the energy expenses (direct, indirect and "investment 
energy") by also taking into account a few other factors, 
such as the depth of the deposit. For the broad classes of 
uranium deposits such as considered by Battelle for the 
National Science ~oundationl~ (see Figures 8 and 9), similar 
calculations can be performed for purposes of comparison; some 
of them have effectively been performed, for instance for the 
uranium shales of Tennessee. Incidentally, this Batelle-NSF 
study is an interesting tentative study in estimating the 
amount of resources as a function of their cost, however 
imprecise it still may be. 
'AS mentioned above, collaborative research is being 
developed on this subject with the French Commissariat 3 1'Energie 
Atomique and the French Bureau de Recherches G6ologiques et 
Minikres, and further research is being discussed with other 
org~anizations. 
''see A. Brin, "Uranium From Seawater: A Review of 
Recent Papers", in this volume. 
12see "Assessment of Uranium and Thorium Resources in the 
United States and the Effect of Policy Alternatives" (December 
19741, Battelle Pacific Northwest Lab (supported by National 
Science Foundation). 
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Figure 8. Estimated US uranium resource availability. 
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Figure 9. Estimated US uranium resource availability in 
relation to US crustal abundance. 
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Two t y p e s  o f  comments o f  i n t e r e s t  have  been  made on  s u c h  
c l a s s i f i c a t i o n s ,  o n e  by M. King Hubber t  and one  by M i l t o n  S e a r l .  
A s  p o i n t e d  o u t  by Hubber t ,13  i f  a n  i n d e x  i s  g i v e n  t o  t h e  v a r i o u s  
c l a s s e s ,  growing w i t h  t h e  economic f a c t o r  and /or  t h e  g e o l o g i c a l  
u n c e r t a i n t y ,  it i s  c l e a r  t h a t  i n  t h e  series g i v i n g  t h e  t o t a l  
amount of  t h e  r e s o u r c e s :  
Q = Q l l  + Q12 + Q2, ( + I - - -  I + Qmn 
0" 
SEE PREVIOUS 11 
u 
200- FIGURE 
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3 ~ e e  M. King Hubbert  ( J u n e  1 9 7 4 ) ,  "U. S. Energy Resources ,  
A  Review a s  o f  1974",  U S  S e n a t e  Committee on I n t e r i o r  and 
I n s u l a r  A f f a i r s .  
I ,  
4,500 
(m, n depending on the number of subdivisions), the uncertainties 
will increase with the indices, and the value of the figures 
put in the higher class can be highly questionable. It may well 
happen that the uncertainty on, say Q, may be higher than the 
reasonably known value of Qll. 
In his EPRI study on uranium resources, l4 Sear1 has assigned 
probabilities to the various values in different classes. The 
Canadians have also assigned fixed probability limits--although 
recognizing their difficulty--to their B and C classes of resources. 
This is surely an interesting development to pursue. 
We think that there must be a correlation between the 
various classes of resources, as defined by the above diagrams, 
and the different mathematical models which have been developed 
for assessing energy resources (some of them will be presented 
during this Conference). Such work, as well as synthesizing the 
models, as will be explained later, must in reality be discussed 
with the people who have developed the models; this is really 
what we plan to do during and as a follow-up to this Conference'. 
However, some preliminary and tentative results are shown in 
Figure 10. Figure 1 1  shows the "centers of gravity" of main 
development requirements as seen by a geologist. 
Incidentally, it can be stated that, for the decision maker, 
the two coordinates of the USGS-USBM or Canadian classification 
schemes also point to two different kinds of action: the first, 
to improve technologies of recovery--probably at some cost-- 
and move parama~ginally~tnd submarginally identified resources 
into the reserves area; such action can significantly improve 
"energy independence". The second type of action, as proposed 
by geologists (and this is very clear for uranium, where 
probably ma y new areas are awaiting to be discovered all over 
the world) la is to improve dramatically geological knowledge 
through better models supporting exploration programs; owing 
to the fact that many unknown areas are probably located in 
foreign countries, this means relying more on international 
energy trade, and possibly on lower costs (if not always on 
lower prices). 
4 ~ e e  "Uranium Resources to Meet Long Term Uranium Require- 
ments" (November 19741, Electric Power Research Institute, 
EPRI SR-58. 
150r to increase prices, deciding on a possible minimum 
price as discussed at the International Atomic Energy Agency. 
16see Yu.A. Rosanov, "Hypothetical Probabilistic Prototype of 
An Undiscovered Resources Model", in this Volume. 
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Figure 10. USCS-USBM rcservcs/rcsourccs classification ( 1974). 
Finally, we have recently launched at IIASA a survey on the 
uses of such classifications in various countries (with the 
exceptions of North America, which is surveyed by Resources for 
the Future--see Shanz cited above--and others, and of socialist 
countries) and we are now collecting and analyzing the answers. 
The objective of the World Energy Conference Survey of 1974 is 
quite different since we do not propose common classification 
nor do we collect data (although some organizations have sent 
us some figures). In fact, we are mainly interested in learning 
the conunents of classification users, and, in a later phase, 
1 
impor tance  
TOTAL RESOURCES 
most a p p r o p r i a t e  s p o t s  
( c e n t e r  o f  g r a v i t y )  
Figure 11. USGS-USBM reserves/resources classification (1974). 
identified 
e x p l o r i n g  t h e  chances  of a d o p t i o n  of  a  common c l a s s i f i c a t i o n  
system. Up t o  now, 30 c o u n t r i e s  have answered,  and some of  
them have s u b m i t t e d  very  i n t e r e s t i n g  comments t h a t  w e  a r e  now 
beginn ing  t o  d i s c u s s  w i t h  them. A  p r e l i m i n a r y  r e p o r t ,  r e l a t e d  
t o  t h i s  f i r s t  phase ,  w i l l  b e  w r i t t e n  soon.  
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IIASA does  n o t  c o l l e c t  d a t a  on  energy r e s o u r c e s  (see 
F i g u r e  1 2 )  and relies on o t h e r  o r g a n i z a t i o n s ,  e s s e n t i a l l y  t h e  
World Energy Conference f o r  World Resources ,  o r  w e l l  known pub- 
l i c a t i o n s  l i k e  World O i l ,  O i l  and Gas J o u r n a l ,  Annales  d e s  Mines 
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a n a l y s i s  of t h e s e  d a t a .  I n  some c a s e s ,  a s  f o r  i n s t a n c e  f o r  t h e  
Coal Task Fo rce ,  it is  planned t o  r ev i ew  i n  g r e a t  d e t a i l ,  and 
p o s s i b l y  acco rd ing  t o  some g u i d e l i n e s  b r i e f l y  mentioned i n  t h e  
above s e c t i o n  on c l a s s i f i c a t i o n ,  t h e  a v a i l a b l e  d a t a  f o r  c o a l  
r e s o u r c e s ,  e s p e c i a l l y  i n  some c o u n t r i e s  where c o a l  c an  p l a y  an 
even g r e a t e r  r o l e  t h a n  it i s  p l a y i n g  today .  
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Figure 12. 
A d i f f e r e n t  a c t i v i t y ,  r e l a t e d  t o  energy p o l i c i e s  and 
energy  s t r a t e g i e s ,  has  been t o  c l a s s  t e n t a t i v e l y  v a r i o u s  
c o u n t r i e s  accord ing  t o  t h e i r  energy r e s e r v e s  p e r  c a p i t a  (and 
l a t e r  on,  accord ing  t o  t h e i r  energy r e s o u r c e s )  v e r s u s  t h e i r  
energy consumption pe r  c a p i t a .  F igu re  13 shows t h e  p r i n c i p l e s  
of such a  c l a s s i f i c a t i o n  f o r  v a r i o u s  f u e l s .  F igu re  14 shows 
rough d i v i s i o n  i n  energy r eg ions ,  w i th  two d i a g o n a l s  d e l i m i t i n g  
energy s e l f - s u f f i c i e n c y  and t h e  d i r e c t i o n s  of energy  t r a d e .  
For one  coun t ry ,  c a s e  h i s t o r i e s  can  b e  drawn and some of  t h e  
v a r i o u s  d i r e c t i o n s  and r ea sons  f o r  changes a r e  i l l u s t r a t e d  i n  
F i g u r e  15. For  a  group of c o u n t r i e s  and one f u e l ,  r e l a t i v e  
p o s i t i o n s  can be compared, bo th  f o r  p r e s e n t  r e a l  v a l u e s  a s  f o r  
a  v i r t u a l  v a l u e  cor responding  t o  a  g iven  ( i n c r e a s e d )  and 
"normalized" l e v e l  of energy consumption p e r  c a p i t a  (F igu re  1 6 ) .  
Th i s  a c t i v i t y  i s  s y s t e m a t i c a l l y  cont inued  t o  p r o g r e s s i v e l y  i n c l u d e  
a l l  c o u n t r i e s  and t h e  v a r i o u s  energy r e sou rces .  
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Methodology and Models 
Some models for assessing energy resources are being 
developed at IIASA (see Figure 17), and some will be presented 
during this Conference b Yu.A Rozanov (mentioned above) and 
G. Baecher and J. Gros.lY We are also pursuing a systematic 
analysis and cataloging of models used in the field of energy 
resources.18 It is expected that the analysis, as mentioned 
above, will be continued with the help of the authors of the 
models. We plan to include them in the next annual issue of 
the Review of Models. Figure 18 shows an example of the analysis 
of one model (Kenneth Hoffman's Brookhaven model for national 
energy planning), as published in the 1974 issue of the "IIASA 
Review of Energy Models". 9 
Figure 17. 
Rozanov In-House 
Models Baecher and Gros 
Methodology 
17see Gregory B. Baecher and Jacques G. Gros, "Extrapolating 
Trending Geological Bodies", in this volume. 
Analyze and 
'see Gregory B. Baecher, "Subjective Sampling Approaches to 
Resource Estimation", in this volume. 
/ Baecher 
l ~ e v i e w  of Models 
'see Jean-Pierre Charpentier (1 974) , "A Review of Energy 
Models: No. 1 - May 1974", RR-74-10, International Institute 
for Applied Systems Analysis, Laxenburg, Austria. 
U.S.A. 
Input  Data  
P h y s i c a l  
E c o l o g i c a l  
Economic 
Kenneth, Hoffman, 1 9 7 2 ' ~ ' ) .  Brookhaven Nat ional  L a b o r a t o r y .  Upton, L . I . ,  N . Y .  
Planning Framework f a r  Energy System Planning.  
Optimal t e c h n i c a l  s t r u c t u r e  of t h e  US energy system. The model r l r f l e i t s  a wide 
range  of energy t e c h n o l o g i e s  and i n t e r f u e l  s u b s t i t u t a b i l i t y .  I t  t r a c e s  pallns from 
primary consumption t o  f i n a l  demand f o r  each type of  f u c l .  
T h i s  model i s  concerned w i t h  t h e  s u b s t i t u t i o n  of d i f f e r e n t  f u e l s  a t  t h e  l e v e l  o f  
d i s a g g r e g a t e d  demand and supply .  I n  a d d i t i o n ,  i t  e s t i m a t e s  t h e  volume of  each t y p r  
of  p o l l u t a n t  produced by t h e  energy systcm. 
S t a t i c  model f o r  a p a r t i c u l a r  p o i n t  i n  t ime (has  been a p p l i e d  t o  t h e  yr,.irs 1985 and 
2000). 
USA as  a whole. 
Opt imizat ion  model u s i n g  l i n e a r  programming. The model p r o v i d e s  a I c s s i b l e  p s t h  
between n=13 exogenous supply  c a t e g o r i e s  and m=15 exogenous dcmand c a t e g o r i e s .  T l w  
o b j e c t i v e  f u n c t i o n  i s  t h e  minimized s o l u t i o n  of t h e  prcsenL c u r t  of t h e  p o s s i b l c  
p a t h s .  Three  c o n s t r a i n t s  must be s a t i s f i e d :  t h e  l e v e l  uf each kind or  dcmanri.  he 
p o s s i b i l i t y  of each k ind of  supply  sys tem,  and t h c  l e v e l s  of  t h e  d i f r c r e n t  p o l l u -  
t i o n s .  An expanded model is  under development w i t h  27 supply  c a t e g o r i e s  , ~ n d  2 2  
demand c a t e g o r i e s .  
The Model 
S u b j e c t  
and Goal 
System 
Descr ibed 
n=13 supply  c a t e g o r i e s  a r e  c o n s i d e r e d  as f a l l o w s :  
- B kinds  of c e n t r a l  s t a t i o n s  t h a t  produce e l e c t r i c i t y  a s  an i n t e r m c d i a c e  energy 
farm: hydropower. geothermal ,  coal -s team e l e c t r i c .  LWR e l e c t r i c ,  LHFBR e l e c t r i c ,  
g a s  t u r b i n e  e l e c t r i c ,  pumped s t o r a g e  e l e c t r i c  and s o l a r  energy.  
- 4 g e n e r a l  purpose f u e l s  t h a t  a r e  d i r e c t l y  d e l i v e r e d  t o  consumers: o i l  p r o d u c t s ,  
n a t u r a l  gas .  s y n t h e t i c  f u e l  (hydrogen) and c o a l  g a s  and c o a l .  
- 1  d e c e n t r a l i z e d  e l e c t r i c  supply  sys tem k n m  a s :  t o t a l  energy (up t o  5 Mli o u ~ p u t )  
( d i e s e l  g e n e r a t o r s  o r  g a s  t u r b i n e  o r  f u e l  c e l l s . )  
Far  each supply  c a t e g o r y .  t h e  model needs t h e  knowledge o f :  
- t h e  supply  c o n s t r a i n t  g i v e n  i n  u n i t s  of l o L 5  Btu. 
- t h e  amount of energy t h a t  c a n  be  d e l i v e r e d  by a p a r t i c u l a r  s u p p l y  c a t e g o r y ,  lim- 
i t e d  e i t h e r  by t h e  e n e r g y  c o n v e r s i o n  c a p a c i t y  or  by t h e  q u a n t i t y  of  a v n i l a h l e  
energy r e s o u r c e s .  
m.15 demand c a t e g o r i e s  a r e  c o n s i d e r e d  a s  f a l l o w s :  
The demand i s  d i v i d e d  i n t a  2  s u b - c a t e g o r i e s :  
- exogenous demand, i . e .  d i f f e r e n t  c a t e g o r i e s  af  energy dcmand: space  h e a t ,  a i r  
c o n d i t i o n i n g ,  e l e c t r i c i t y  a t  3 d i f f e r e n t  laad  f a c t o r s ,  water  d e s a l i n a t i o n ,  pumped 
s t o r a g e ,  of  s y n t h e t i c  f u e l s .  water  h e a t i n g ,  miscellaneous thermal  hedt -  
i n g ,  a i r  t r a n s p o r t ,  ground t r a n s p o r t  ( p u b l i c  and p r i v a t e ) ,  i r o n  p r o d u c t i o n ,  rcment 
p r o d u c t i o n ,  and petrochemy and s y n t h e t i c  m a t e r i a l s .  
- endogenous demand: f a r  t h e  e l e c t r i c i t y  mentioned above t h e  model t a k e s  i n t o  
account  t h e  load d u r a t i o n  curve  of t h e  system. For c e r t a i n  demand r a c c g a r i e s ,  
t h e  d i f f e r e n t  p l a n t s  can be  mixed i n  o r d e r  t o  o p t i m i z e  t h e  g l o b a l  load f a c t o r  
curve. The load s t r u c t u r e s  on a seasonal  and weekly b a s i s  arc taken i n t a  account .  
Area 
The node1 i n c o r p o r a t e s  a i r  p o l l u t a n t s  and o t h e r  wastes  genera ted  by energy convcr- 
s i a n  a c t i v i t i e s  t h a t  a r e  p r o p o r t i o n a l  t o  the  amount of energy d e l i v e r e d :  CO2. C I I ,  
SO2, NO, p a r t i c u l a t e s ,  hydrocarbon,  r a d i o a c t i v e  w a s t e s  and thermal  wahtes .  Other 
p o l l u t a n t s  and land u s e  w i l l  be  i n c o r p o r a t e d  i n  t h e  expanded model. 
Time 
Space 
The c o e f f i c i e n t s  of  c o s t  i n  t h e  o b j e c t i v e  f u n c t i o n  r e f l e c t  t h e  n e c e s s a r y  r u s t  of 
the  f a c i l i t i e s  used i n  t h e  energy supply  sys tem a s  w e l l  as f u e l  and o t h e r  o p e r a t i n g  
c a s t s .  The n e c e s s a r y  c o s t  of c a p i t a l  for  t h e  e l e c t r i c  supply  c a t e g o r y  i s  n f u n c t i u n  
of t h e  p l a n t  load f a c t o r  which i s  a l s o  a  f u n c t i o n  of e a c h  s p e c i f i c  demand c a l e g a r y .  
Model l ing  
Techniques  
Figure 18. 
Output  Data  
P h y s i c a l  
Economic 
E c o l o g i c a l  
b b s e r v a t i o n s  
The model g i v e s  f o r  a s p e c i f i e d  l e v e l  of each demand the  opt imal  u t i l i z a t i o n  of t h e  
d i f f e r e n t  a v a i l a b l e  supply  sys tems.  
The model g i v e s  t h e  t o t a l  c o s t  of t h e  energy sys tem b u t  t h e  r e s u l t i n g  o p t i m a l  pa th  
i s  g r e a t l y  dependent  an t h e  d i f f e r e n t  i n p u t  c o s t a .  
The model g i v e s  t h e  volume of t h e  d i f f e r e n t  p o l l u t i n g  emiss ions .  
- T h i s  model i s  s t a t i c ;  i t  c m  b e  used only  f o r  one y e a r .  For t h a t  y e a r  i t  i s  neces- 
s a r y  t o  know t h e  demand and t h e  supply  c a t e g o r i e s .  The l e v e l  of  t h e  d i f f e r e n t  k i n d s  
of demands c a n  be  o b t a i n e d  by u s i n g  an input-output  model. 
- The p r i c e  e l e c t i c i t y  of demand i s  n o t  taken i n t o  account  i n  t h e  c u r r e n t  model b u t  
i s  b e i n g  added t o  t h e  expanded model. 
- Dynamization of t h e  model i s  b e i n g  s t u d i e d .  
Summary reviewed by t h e  a u t h o r  of t h e  model. 
WEC Activities in the Field of 
Surveying World Energy Resources 
L. Bauer and R. S. Carlsmith 
1. MOTIVATION AND PROCEDURES 
Since its formation in 1924, the World Energy Conference (WEC) 
has played an active role in efforts to improve and publish 
comprehensive data on world energy resources and their 
utilization. In 1929, the Central Office of the Conference 
published an initial study on the "Power Resources of the 
World, Potential and Developed." There followed a series of 
statistical yearbooks (1933 to 1958) that included information 
on resources and the available annual statistics on the 
production, stocks, imports, exports, and consumption of the 
several forms of energy in various countries. 
In 1952, the United Nations began their "J" Series of 
Statistical Papers on the annual production, trade, and 
consumption of the various solid, liquid, and gaseous forms 
of energy and of electricity in individual countries and 
geographical areas. of the world. The second number of this 
"J" Series was published in 1957 and the third in 1959. 
In 1958, by agreement with the United Nations, the World 
Energy Conference became the primary source of information on 
world energy resources, and the United Nations continues to 
provide data on world energy production, trade, and con- 
sumption. At present, the WEC is the sole body undertaking 
a global survey of resources. United Nations data have been 
issued annually, with the sixteenth paper in 1973, giving 
annual statistics for the years 1968 to 1971. 
In light of this agreement, the International Executive 
Council of the Conference decided in 1959 to discontinue its 
statistical yearbooks and to issue at intervals of six years 
a new series of publications entitled "World Energy Conference 
Survey of Energy Resources." A Consultative Panel was then 
appointed by the International Executive Council to advise 
on planning the details of the new series, the first of which 
was published in 1962 and the second in 1968 and the third 
in 1974. The US Atomic Energy Commission (USAEC) was asked 
to take a leading role in the conduct of the Survey 1974. 
Resource experts from other agencies assisted in the difficult 
task of preparing the resource questionnaires. 
Preliminary versions of the questionnaires were presented 
in draft form for review by the Consultative Panel at meetin 
held in September 1972.  Final revised questionnaires reflecting 
the Consultative Panel's directions were completed late in 1972.  
Arrangements were made for work on preparation of the latest 
Survey to be done at the Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. The Laboratory was designated to receive 
the completed questionnaires, to collect and compile the 
resource data, and to write the document. The tasks of 
compiling, converting, and checking the resource data were 
all carried out at Oak Ridge. A computer system was used to 
store, rearrange, and prepare tabular material for publication. 
Narrative discussions on each of the energy resources were 
prepared by professional staff at the Laboratory. 
Of the 69 National Committees of the WEC to whom--in 
the preparation of the 1974 Survey--energy resource question- 
naires were transmitted, about 54  returned partial or complete 
replies. Four of these National Committees also returned a 
total of 27 replies for their dependencies. In addition, 
complete questionnaires were received from 11  nonmember 
countries, and three other nations reported that they had no 
energy resources of any significance. All data in the Survey 
are given in International System (IS) units. 
2. DEFINITIONS 
2.1 Energy Resources 
In the broadest sense resources of nonrenewable raw 
materials are the total quantities available in the earth 
that may be successfully exploited and used by man within 
the foreseeable future. Reserves, however, are the corre- 
sponding fraction of resources that have been carefully measured 
and assessed as being exploitable in a particular nation or 
region under present local economic conditions using existing 
available technology; recoverable reserves are that fraction of 
reserves-in-place that can be recovered under the above 
economic and technical limits. 
Considerable confusion, however, still remains in 
defining energy reserves and resources, particularly on a 
world basis, and one of the purposes of the current survey 
has been to attempt to resolve some of this confusion. 
To achieve this goal the Consultative Panel for the energy 
resources survey were very careful in preparing instructions 
for questionnaires in order 1 )  to meet the needs of as many 
groups of readers as possible, 2 )  to keep the instructions 
as simple as possible in order to promote maximum response 
based on readily available information in each nation, and 
3) to obtain data from all countries on as uniform a basis 
as is presently feasible. A general summary of terms used 
in the present survey is tabulated in Table 1. 
One of the reasons for a wide disparity in definitions 
of reserves and resources of energy raw materials among the 
various regions and nations is that present local usage is 
based on historical precedents which have evolved under 
differing social, legal, economic, and technical experiences 
and commercial practices. Thus, differences are most pro- 
nounced for long used resources such as coal. Definition for 
oil and gas, and more recently for nuclear fuels, are much 
more uniform not only because they have been used for a shorter 
time, but also because they relate to commodities of extensive 
Table 1. Summary of reserve and resource terminology 
used in the present survey. 
Reserves Other Resources 1 
Type Resource Total Recoverable 
Solid ~uels' Known Reserve-in- 
place 
Oil and Original Reserve- 
Natural Gas in-place3 
Natural Gas 
Liquids 
Oil Shale and - 
Bituminous Sands 
Uranium and 
Thorium 
Known Recoverable Additional Resources 
Reserves 
Proved Recoverable Additional Resources 
Reserves 
Proved Recoverable Additional Resources 
Reserves 
Potential Total Known Recoverable 
Resources 
Known Recoverable Additional Resources 
~ e s e r v e s ~  
Note: Terminology for Hydraulic Resources includes installed and 
installable capacity (power in Mw) and probable annual 
generation (energy in GWh/year). Similar terminology 
applies, in general, to other renewable resources. 
'Includes indicated (probable) and inferred (possible) reserves as 
normally defined. 
'~otal resources are also given for solid fuels. 
3~ncludes past cumulative production. 
4~lternative terminology (OECD) is reasonably assured resources 
(recoverable at costs up to approximately $26 per kilogram of U or Th). 
Reasonably assured resources recoverable at costs above $26 per kilogram 
are regarded as part of additional resources. 
world trade necessitating common standards. The terminology 
of the American oil industry, for example, became standard 
national nomenclature and has now been introduced in many 
other countries throughout the world. 
It should be noted, however, that the measurement and 
evaluation of energy reserves and resources may serve different 
purposes in different settings, and the use of a common world 
terminology may still mask important differences in local 
basic data. Differences in definitions have arisen partly 
through the extent to which geologists, engineers, economists, 
and businessmen have imposed their outlook on definitions. 
Thus, until recently, resource definitions have been more 
geologically and technically oriented in the countries with 
centrally planned economy and more economically directed in 
other nations. The result of all of these factors is that 
there are rational bases for the disparity in definitions, and 
that fully acceptable and effective world wide definitions, 
for some resources will be difficult to achieve. 
In the latest survey resources were divided into two general 
categories. Category 1) includes identified or known reserves- 
in-place which are well delineated or closely appraised, while 
Category 2) embraces all other additional resources including 
those not yet discovered but believed to exist on the basis of 
geological evidence. Category 1) included the total identifi- 
able amount of material estimated to be in-place in known 
deposits, as revealed by outcrops or by mining or drilling 
and by detailed sampling to establish its type and grade. 
The fraction of material unlikely to be recovered under 
existing technological conditions is part of the estimated 
total. By difference, the portion recoverable under current 
economic conditions and using current technologies is the Known 
Recoverable Reserves. Category 2), Additional Resources, 
includes all other classifications with a lower degree of 
geologic certainty as to their existence than those indicated 
as known. This includes resources estimated to exist on the 
basis of general knowledge of geological conditions favorable 
for their occurrence. It also includes deposits for which 
there are few, if any, samples or actual measurements. 
Thus, estimates of quantities are generally based on 
the results of geological or exploratory information or on 
evidence of duplication or parallelism of geological conditions 
in which known deposits occur. Such definition gives wide 
latitude for estimates in this category which is necessary for 
large parts of the world where little or no data exist that 
would permit reporting under rigidly specified criteria. 
Careful consideration of each of these points in using the 
data in the report 1974, and in other resource documents should 
prevent misuse of such data and the drawing of unwarranted 
conclusions based on the limited scope and accuracy of such 
data as are now known. 
2.2 Standardization of Terms of Energy Economy 
In a major effort to reduce possible misinterpretation 
of data, experts of the four German speaking nations (Austria, the 
FRG, the GDR and Switzerland) compiled a catalogue of approximately 
800 special terms in the following fields of energy economy: 
general terms, 
electricity economy, 
hydro economy, 
mining and processing of solid fuels, 
mining and processing of liquid fuels, 
mining and processing of gaseous fuels, 
nuclear economy, 
environmental production. 
For all of these 800 terms, definitions were established having 
given due consideration to already existing practices and 
definitions arrived at and established by various national 
and international bodies like UCPTE, UNIPEDE, GAS UNION, etc. 
By agreement with the Executive Council representatives of 
English, French, Spanish and Russian speaking members will 
evaluate these definitions in order to arrive at closely 
correlated corresponding definitions. The WEC will then 
propose these terms and definitions for general use. 
3. CRITICAL ASSESSMENT 
Analyzing the described procedures the following details 
of data compilation and survey preparation have to be mentioned. 
Reference is made in particular to the Survey 1974 as it 
represents the present state of the art. 
Because it was possible only to change the raw data as 
received from the contributing countries in minor'ways, the 
data were not treated in so much of a formal statistical way 
as they could have been had such restrictions not been imposed. 
Prior to the receipt of the formal official data provided in 
the standard questionnaires by each contributing nation, 
literature searches were made for data on each energy resource 
and for each nation. This resulted in preliminary tabulations 
of the latest published estimates of the various energy resources 
from nations where data could be found. Where duplicate data 
did not agree, attempts were made to resolve such discrepancies 
and to choose the more accurate quantities. The data in these 
tabulations provided the basis for reporting resources for 
those nations that did not return questionnaires. When 
available, data from the WEC "Survey of Energy Resources 1968" 
was used, except where later information could be proven to 
be more accurate. 
As the questionnaires were received from each reporting 
nation, the reported data were checked against the preliminary 
tabulations. Where there were significant variations, a letter 
was written to the reporters in the particular nation to 
determine whether they had made an error. In some instances 
reporting errors were corrected, but in most cases the initially 
submitted information was found to be correct. Probably the 
largest error in the existing resources literature corrected 
in this way was the downward revision of Canadian coal resources 
from 1,000,000 million tonnes to the real value of 100,000 
million tonnes. In any event, the answers to queries were 
used without question because it was agreed that national 
knowledge resources were the most accurate source of data. 
In a few instances questionnaires were filled out in a 
language other than English. These were first translated into 
English. When all data in a set of questionnaires were 
verified, the comments and references were edited when necessary 
to make comments from various nations as uniform as possible. 
Then the numerical and keyed data were appropriately marked 
and the questionnaires sent to the computer center for alpha 
numeric key punching. Much information was reported in non- 
metric units; such data were automatically converted to the 
equivalent units by the computer. The computer also made all 
additions to obtain national totals when resources were reported 
for national subdivisions. Only single totals were necessary 
for most resources; however, for solid fuels totals were first 
made for coal ranks, and then the national total for all ranks. 
The computer was of great value in rearranging data for 
output as given in the 100 pages of appendices in the finished 
document where statistical data are given first, followed by 
comments, and then by references. Use of the computer was 
also valuable in making last minute changes and in avoiding 
the need for tedious proofreading which would have been necessary 
had all this information been typeset. The final computer 
output was sent to the printer where it was reduced about 60% 
in size for direct offset printing. 
The two most detailed tasks in preparing the computer 
inputs were the extensive editing of the geological des- 
criptions in Appendix 1 and editing of the renewable resources 
descriptions in Appendix 9 of the Survey 1974. Since the 
replies to questionnaire 9 were provided almost exclusively 
in descriptive form it was impossible to give data on re- 
newable resources in tabular form. 
It was unfortunate that an early decision was made to do 
the summary tables in each chapter by hand so they would be 
more attractive. Computerization of these tables would 
have been quite simple and would have saved at least one to 
two man months of work. In addition it would have eliminated 
the few relatively minor errors that have been noted which 
resulted from last minute changes that had to be made manually. 
It is highly recommended that if the computer approach is 
maintained for the next edition then summary table output should 
also be computerized. 
I n  p r e p a r i n g  t h e  summary t a b l e s ,  which l i s t e d  o n l y  n a t i o n a l  
t o t a l s  d a t a  (and d a t a  by c o a l  r a n k s ) ,  d a t a  f o r  r e p o r t i n g  n a t i o n s  
were t r a n s f e r r e d  from t h e  a p p e n d i c e s  and combined w i t h  d a t a  f o r  
n o n r e p o r t i n g  n a t i o n s  from t h e  p r e l i m i n a r y  t a b u l a t i o n  s h e e t s  
f o r  e a c h  r e s o u r c e .  T o t a l  e n e r g y  c o n t e n t s  o f  f u e l s  w e r e  t h e n  
computed u s i n g  u n i t  h e a t  v a l u e  d a t a  from t h e  "WEC Survey of  
Energy Resources ,  1968,"  o r  from o t h e r  s o u r c e s .  S i n c e  many 
r e t u r n e d  q u e s t i o n n a i r e s  w e r e  o n l y  p a r t i a l l y  f i l l e d  o u t ,  
a t t e m p t s  were made i n t h e  summary t a b l e s  o n l y  t o  s u p p l y  t h e  
m i s s i n g  d a t a  from o t h e r  r e f e r e n c e s ;  such  a u x i l l i a r y  d a t a  were 
a p p r o p r i a t e l y  r e f e r e n c e d  t o  i n d i c a t e  a  n o n q u e s t i o n n a i r e  s o u r c e .  
F i n a l l y ,  s u b c o n t i n e n t a l  ( r e g i o n a l ) ,  c o n t i n e n t a l  and wor ld  
t o t a l s  ( s e e  T a b l e  2 )  were computed manua l ly .  
Table 2. World energy resources and production as of 1974. 
a Additional World Energy Resources Reserves product ionb) Resources 1971 1972 
9 Solid Fuels, 10 mt 
(Coal equivalent) 551 10,755 2.39 2.43 
9 
Liquid Fuelsc), 10 mt 
(Coal equivalent) 119 
9 Natural Gas, 10 mt (coal 
equivalent) 69.9 
Hydropower, TWh 10, 300d) 'e )  80,000 1,300 f) 1, 390g) 
3 Uranium, 10 t 5,000 18 .5  19 .2  h ) 
(U308) 
"North American shale oil and oil from bituminous sands are 
thought to outnumber oil reserves by a factor of two. 
d)10,300 TWh of 300 GW. 
elwith a 95% dry ~eriod: 4,340 TWh at 540 GW. 
f)1,300 TWh at 300 GW. 
"~otal hydro and nuclear energy production of 1972 amounted 0.18 x 10 9 
metric tons coal equivalent. 
6 
'"~~uals 4.25 x 10 metric tons metallic uranium. 
The location of resources on the maps at the end of the 
Survey were derived partly from marked mqps submitted with the 
questionnaires. In most cases, however, contributors did not 
send maps, so resource locations had to be obtained from other 
sources. For about half the countries that reported data by 
national subdivisions the subnational boundaries were shown 
on maps provided; for the other half, the boundaries were put 
down on the basis of good to poor descriptions and are not too 
accurate in some cases. Further, subdivisions were different 
for different resources in many cases. For example, fossil 
fuels were given on the basis of sedimentary basins, but hydraulic 
resources were reported for existing river basins. 
Most of the text was written without the need for returned 
questionnaires. However, about 40% to 50% of each chapter 
giving the descriptive material on quantities and location of 
resources could be finalized only after receipt and evaluation 
of all questionnaires. Long delays in receipt of the last of 
the questionnaires made the writing of this part of the text 
a very rushed affair. 
4. FUTURE ACTIVITIES AND INTENTIONS 
Future intentions of the WEC in the fields of data 
collection, data interpretation and classification of resources 
can briefly be described as follows: 
The intervals at which fresh data should be produced 
should not be greater than three years and should certainly 
not be more frequent than yearly. A period of eighteen months 
between the publication of fresh data would seem to be worth 
trying as an experiment. It would also conform to the tri- 
ennial spacing of World Energy Conference. 
Revisions of the 1 9 7 4  Survey should provide for a possible 
observation of reactions from international and national bodies 
and individual experts on the quality and form of the 1 9 7 4  
Survey data. The text of the present chapters should remain 
unchanged except for minor modifications until the publication 
of the next full edition in six years' time. 
The computerization of the tables should be extended 
to include those tables at present part of the text. This 
processing would be particularly valuable if it were decided 
to revise the data at frequent intervals. 
Tables should be closely overhauled for inconsistencies 
arising either from the form of the questionnaire, the form 
of the answers or from obvious inaccuracies. 
Efforts should be made to achieve great comparability of 
data. This may involve a revision of the questionnaire with 
the cooperation of the members of the Consultive Panel and 
possibly other international organizations. 
Classification of resources and reserves is dependent not 
only on the inherent richness of the source material but on the 
technical means and the economic costs of unlocking the energy 
potential. These, in turn, depend upon the state of the 
technical arts and on the relative costs of the processes 
required to extract and use the energy. Consequently, the 
measurement and evaluation of energy reserves and resources 
will differ from one society to another and within any 
particular society as its needs change and its technologies 
improve. 
Definitions or classifications acceptable for general use 
are difficult to formulate in view of these important basic 
differences from one region of the world to another. One 
answer is to minimize the differences relating to current 
economics and stress geological criteria, indicating the 
probable occurrence of deposits containing energy-rich 
materials. However, practical considerations require the use 
of definitions widely recognized for individual energy resources 
to permit the reporting of data already available. 
The need to prepare a questionnaire not unduly complicated 
and in accord with conventional practice led 'to adoption of 
the following procedure: Total resources were divided between 
known resources, which are well-delineated or closely-appraised, 
and additional resources, including those inferred on the 
basis of relevant geological evidence. The first category 
of known resources was further subdivided into proved reserves, 
that is, the portion of the total recoverable under current 
conditions and employing existing technology. 
The second category of additional resources was meant to 
include all other classifications with a lower degree of 
certainty than the resources reported as known. The Con- 
sultative Panel recognized that many countries would have 
difficulty estimating data in this category and that 
problems of comparability might limit the usefulness of the 
information. It was nevertheless agreed that the category was 
essential since the survey would be incomplete without broad 
resource estimates. 
The ultimate goal of a classification of energy resources 
naturally has to be a classification according to quality and 
cost, as established, for example, for uranium. As quality and 
cost are complex functions of mining conditions, content of 
contaminants, local labor, etc. it appears that a systems 
analytical approach should be the proper method of tackling 
these difficult problems. The WEC would very much welcome the 
views of IIASA on this subject and appreciate IIASA's 
cooperation in this field of research. 
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Decreasing Role of  Resources i n  Hungary 
K .  P a t y i  
Th i s  paper  does  n o t  e n t i r e l y  cove r  t h e  methodological  problems 
of t h e  assessment  of energy r e sou rces .  I focus  h e r e  on t h e  
importance of  energy r e s o u r c e s  i n  t h e  energy system and n a t i o n a l  
economy of a smal l  coun t ry  such a s  Hungary. 
P r i o r  t o  1945 Hungary was a t y p i c a l  a g r a r i a n  c o u n t r y ,  
a l t hough  i n d u s t r i a l  development had s t a r t e d  a t  a moderate  r a t e  
a c e n t u r y  be fo re .  F i r s t  of a l l  l i g h t  i n d u s t r y  was developed,  
i nc lud ing  p r e c i s i o n  eng inee r ing  i n  t h e  machine i n d u s t r y .  The 
energy s o u r c e s  of  t h e  i n d u s t r y ,  t r a n s p o r t  (a lmost  s o l e l y  s team 
t r a c t i o n )  and domest ic  s e c t o r s  were t h e  p roduc t s  of  t h e  c o a l  
b a s i n s  and t h e  domest ic  e x p l o i t a t i o n  of  c o a l  a lmost  k e p t  up 
w i t h  i n c r e a s i n g  energy demands. For a long pe r iod  of  t i m e  energy 
impor ts  were a b l e  t o  remain s t a b l e ,  t h e i r  s h a r e  i n  supply  va ry ing  
between 10% and 20% ( s e e  Table 1 ) .  During t h i s  pe r iod  no energy 
problems a r o s e .  
Table 1. Trends of energy sources and consumption. 
Year Production Import of Energy Consumption 
of primary 
energy 
10' tce lo6 tce % lo6 tce 
Since  t h e  e a r l y  1 9 5 0 ' s  a fo rced  development p o l i c y  has  p re -  
v a i l e d  f o r  Hungarian i n d u s t r y ,  and energy i n t e n s i v e  heavy i n d u s t r y  
has  t aken  t h e  f i r s t  p l a c e  i n  development. A t  t h e  same t i m e  l i v i n g  
s t a n d a r d s  have a l s o  i nc reased  c o n s i d e r a b l y .  Both p o i n t s  i n d i c a t e  a n  
i n c r e a s e  i n  energy demand, and t h e  growth r a t e  of energy  demand 
now s u r p a s s e s  496 p e r  yea r .  
The growth r a t e  of  domest ic  energy  p roduc t ion  h a s  been 
f a l l i n g  behind t h e  growth r a t e  o f  energy  demand, and energy  
impor t s  have been cove r ing  t h e  s h o r t a g e .  I n  1970 energy  impor ts  
reached 38% of  energy  demand. 
But r ega rd ing  t h e  energy p roduc t ion  and demand f o r e c a s t  f o r  
t h e  Hungarian energy system i n  2000, we s e e  a new s i t u a t i o n  
g e t t i n g  under way. The growth r a t e  of  energy  demand, presumably, 
w i l l  remain a t  41, w i t h  a s imul taneous  f a l l  t o  z e r o  of  t h e  growth 
r a t e  of energy p roduc t ion .  According t o  t h e  f o r e c a s t ,  i n  2000 
energy  demand w i l l  r each  100 t i m e s  106 t c e ,  and impor ts  w i l l  have 
t o  cover  80%. The expected popu la t i on  growth r a t e  w i l l  remain 
s t a b l e  (nea r  z e r o ) ,  a f a c t  t h a t  w i l l  e a s e  t h e  problems from t h e  
p o i n t  of view of  demand. 
One can  c h a r a c t e r i z e  t h e  energy  p o s i t i o n  o f  t h e  coun t ry  
u s ing  a system o f  a x e s  f o r  "energy demand p e r  capi ta - -energy  
p roduc t ion  p e r  c a p i t a "  (see t h e  p o i n t s  i n  Table  2 ) .  The 
consumption p e r  c a p i t a  i n c r e a s e s  dynamica l ly ,  b u t  i n  2000 it 
w i l l  r e a c h  t h e  upper l i m i t  of  t h e  "medium" c a t e g o r y  o r ,  t o  be 
more e x a c t ,  9.1 t c e .  
Table 2. Energy position of Hungary. 
Year Energy production Energy consumption 
per capita, tce per capita, tce 
1930 0.8 0.9 
1941 1.0 1.1 
1949 1.0 1.2 
1960 1.6 2.0 
1970 2.1 3.2 
1980 1.9 4.4 
2000 2.1 9.1 
A f t e r  drawing up Table  2 , d a t a  concern ing  t h e  energy r e s o u r c e s  
a l s o  were t aken  i n t o  account  ( s e e  Table  3 ) .  The f i g u r e s  show 
t h a t  t h e  coun t ry  has  energy r e s o u r c e s  i n  a very  sma l l  amount. 
Taking t h e  a c t u a l  product ion  l e v e l s ,  t h e  l i f e t i m e s  of t h e  d i f f e r e n t  
k inds  of  energy  r e s o u r c e s  a r e  a s  fo l l ows :  c o a l  (75% of t h e  c o a l  
i s  l i g n i t e ) ,  70 y e a r s ;  hard  c o a l ,  90 y e a r s ;  hydrocarbons,  30 y e a r s .  
Analyzing t h e  energy r e s o u r c e s ,  t o o ,  one can s e e  t h a t  energy 
impor ts  w i l l  become t h e  dominant f a c t o r  i n  energy supply .  Here 
an  a l t e r n a t i v e  c o u r s e  of a c t i o n  a r i s e s :  we can  make a g r e a t e r  
e f f o r t  t o  f u r t h e r  s ea rch  f o r  energy r e s o u r c e s  i n  o r d e r  t o  d imin i sh  
import  dependence. A s  a m a t t e r  o f  f a c t , t h e  succes s  of  f u r t h e r  
p rospec t ing  f o r  energy r e s o u r c e s  may be  e s t i m a t e d  on a p r o b a b i l i t y  
b a s i s .  I n  any c a s e  t h i s  a l t e r n a t i v e  has  t h e  d i s advan tage  t h a t  
Hungary i s  a we l l  p rospec ted  reg ion ,  though t h e  s e a r c h  f o r  energy 
r e s o u r c e s  wil 
p l ans .  Th i s  
p rospec t ing ,  
.1 con t inue  i n  accordance w i t h  f ive -yea r  and one-year 
w i l l  i n c l u d e , i n  t h e  f i r s t  p l a c e ,  h igh  c o s t  deep 
a  d i f f i c u l t  t e c h n i c a l  t a s k .  
Table 3. Energy resources of Hungary (1969). 
Geological Minable resources Lifetime 
resources in 
lo6 tce lo6 tce % years 
Brown coal, lignite 1,919 456 2 4 6 9 
Hard coal 
Crude oil 
Natural gas 190 125 66 33 
The r a t h e r  h igh  and i n c r e a s i n g  s h a r e  of energy impor ts  
promotes f o r e i g n  t r a d e .  Fore ign  exchange a s  a  c o n s t r a i n t  f a c t o r  
has  n o t  s o  f a r  played any r o l e  i n  i n v e s t i g a t i o n s  of t h e  energy 
system o f  Hungary. The economy was a b l e  t o  f i n d  t h e  r e q u i r e d  
monies t o  cover energy imports .  
I n  t h e  new, forthcoming s i t u a t i o n  we need n o t  ana lyze  t h e  
energy system i n  i t s e l f ,  b u t  we must t a k e  i n t o  c o n s i d e r a t i o n  
i t s  r e l a t i o n s  wi th  t h e  n a t i o n a l  economy. I n  te rms of  systems 
a n a l y s i s ,  a  new problem a r i s e s :  t h e  embedding of  energy i n  t h e  
sphe re  of t h e  economy. 
Two s i m i l a r  t a s k s  a r i s i n g  from r e l a t i n g  t h e  energy 
system and t h e  n a t i o n a l  economy a r e  worthwhile cons ide r ing  
s p e c i f i c a l l y .  The f i r s t  i s  t o  compare t h e  energy c o n t e n t  of  
import  commodities t o  t h e  energy c o n t e n t  of  expor t  commodities. 
Th i s  complex problem can  be analyzed wi th  t h e  h e l p  of  i npu t -  
o u t p u t  t echn iques .  By t h i s  method an  import and e x p o r t  s t r u c t u r e ,  
o r  r a t h e r  a  product ion  s t r u c t u r e ,  t h a t  s e r v e s  t h e  energy system 
can  be e l a b o r a t e d .  
The second t a s k  i s  t o  f i n d  a  c o u n t e r p a r t  t o  energy impor ts ,  
t h a t  i s ,  determine  e x p o r t a b l e  commodities, t h e  economic r e t u r n s  
from which cover t h e  increases- -both  i n  te rms of q u a n t i t y  and 
value-- in energy impor ts .  Considering t h e  c u r r e n t  n a t i o n a l  
economy two commodity groups can be  seen:  f i r s t ,  a g r i c u l t u r a l  
c r o p s  and f o o d - s t u f f s ,  and,  second, l abour ,  exc luding  energy- 
i n t e n s i v e  i n d u s t r i a l  products .  
I n  t h e  near  and mid-term f u t u r e  t h e  Hungarian economy has  
t o  answer t h e  fo l lowing q u e s t i o n  i n  p r a c t i c a l  economic l i f e :  
how can  it change t h e  p roduc t ion  s t r u c t u r e  of Hungarian i n d u s t r y  
and a g r i c u l t u r e  s o  a s  t o  adapt  them t o  t h e  i n t e r n a t i o n a l  d i v i s i o n  
of  l abour?  
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A Systems Approach to the Economic Estimating of Fuels 
M. Albegov 
INTRODUCTION 
Owing to events of the past few years, worldwide energy 
relationships nowadays are especially faced with some acutely 
important problems, and among them are those of the prospective 
development of fuel-energy economy: 
1) What is the maximum possible level for fuel extraction 
costs in individual regions? 
2) What is the shadow price level of fuel consumption in 
individual countries and regions? 
3) What in economically justified costs are the differences 
between extraction and consumption for different quality 
fuels? 
4) What are the maximum possible costs for financing and 
for the utilization of a new energy resource? 
Naturally, all these questions can be solved with a 
thorough analysis of the problems of extraction, transport, 
and consumption of all possible types of fuel and energy with 
due accounting for various categories of consumers. Such an 
analysis should be of a dynamic character and should, to determine 
prospective energy developments, take the factor of uncertainty 
into consideration. For a long-range perspective this analysis 
can be carried out using optimization models. However, for the 
time being, when one has to solve time consuming problems 
practically, linear programming models seem to be the most 
promising. In the Soviet Union, there is considerable 
experience in using mathematical models in analysis of the fuel- 
energy economy of the country. This experience may be used in 
solving the above listed questions. 
APPLICATION OF MATHEMATICAL MODELS TO DEVELOP A FUEL ESTIMATING 
SYSTEM 
For an economic estimate of fuel, one needs two types 
of information: direct costs and maximum possible costs for 
fuel. The former characterizes the costs of fuel extraction in 
individual basins or fields. The initial data on the costs of 
fuel extraction in individual mines, pits, oil and gas fields 
can be grouped depending on the quality of the fields. In the 
end, it is important to construct a dependence of fuel cost 
upon the amounts of the resources used in a given basin or field. 
Reliable information on maximum attainable costs of fuel 
can be obtained from a systems analysis of the condition of 
prospective development of all the means of the fuel economy. 
The mathematical programming methods developed in the last few 
decades have provided a powerful means for realizing a complex 
approach to an analysis of the national economy and its important 
branch, energy relationships. 
One of the most significant applications of mathematics to 
energy wasthe use of linear programming in the calculation of 
shadow prices of fuel extraction and consumption. If the model 
of the fuel economy is represented in a simplified form as: 
with constraints 
the dual estimate of the problem is 
1 bjvj - 1 aiui -+ max 
j i 
with constraints 
Here the following designations are adopted: 
x - the amount of fuel sought from the field i used by ij the consumer j; 
Cij - the cost of extraction, transport, and consumption 
of unit fuel of the i-type by the consumer j; 
a  - f u e l  r e s o u r c e s  i n  t h e  f i e l d  i ( i n  c o n v e n t i o n a l  f u e l ) ;  i 
X i j -  t h e  consumption o f  i - t y p e  f u e l  p e r  u n i t  o f  p r o d u c t i o n  j ;  
b  - t h e  o u t p u t  of  t h e  i - t y p e  p r o d u c t i o n ;  j  
v  - t h e  e s t i m a t e  o f  a  consumer; and j  
u  - t h e  e s t i m a t e  o f  a  f u e l  s o u r c e .  i 
The problem i n  r e a l i t y  i s  more c o m p l i c a t e d ,  b u t  t h e  s i g n i f i c a n c e  
o f  t h i s  e s t i m a t e  i s  s t a b l e .  
A s o l u t i o n  o f  t h e  o p t i m i z a t i o n  problem w i l l  p r o v i d e  a  
c h a r a c t e r i s t i c  e q u i l i b r i u m  s t a t e  of  t h e  s y s t e m  a s  a  whole  and 
t h e  two v e c t o r s  o f  f u e l  v a r i a b l e s  U i  and V .  c o r r e s p o n d i n g  t o  
t h i s  s t a t e .  Along w i t h  a n  optimum s o l u t i o a ,  o n e  d e r i v e s  two 
sys tems  of  e s t i m a t e s  which have a n  e x p l i c i t  economic s e n s e :  
t h e  v a l u e s  v j  c h a r a c t e r i z e  a n  e s t i m a t e  o f  f u e l  f o r  consumers 
( i n  o t h e r  words ,  m a r g i n a l  c o s t ) ;  t h a t  i s ,  t h e y  c o r r e s p o n d  t o  
a  change of  t h e  o b j e c t i v e  f u n c t i o n  w i t h  s l i g h t  v a r i a t i o n s  i n  f u e l  
( e n e r g y )  consumption by t h e  consumer j .  The v a l u e s  u i  r e p r e s e n t  
a  r e s e r v e  o f  t h e  "economic s t a b i l i t y "  o f  e x t r a c t i o n  of  a  f u e l  
( e n e r g y  p r o d u c t i o n ) ;  t h a t  i s ,  t h e y  show t h e  d i f f e r e n c e  between 
t h e  r e a l  c o s t  of  a  f u e l  and t h e  maximum p o s s i b l e  c o s t  o f  a  
s i m i l a r - q u a l i t y  f u e l  e x t r a c t e d  i n  a  g i v e n  p l a c e  and a t  a  g i v e n  
t i m e .  F o r  example,  t h e  reduced  c o s t  a t  some p i t s  of  t h e  
E k i b a s t u z  f i e l d ,  i s  a b o u t  3  r u b l e s / t o n  of  f u e l  ( 7 , 0 0 0  k c a l / k g )  (see 
"Coal  F i e l d s , "  1 9 7 1 ) ,  w h i l e  t h e  maximum e c o n o m i c a l l y  j u s t i f i e d  c o s t  
of  e x t r a c t i o n  is  9  r u b l e s  t o  11 r u b l e s / t o n  of  f u e l  (7 ,000  k c a l / k g )  
(see Main Methodolog ica l  I n s t r u c t i o n ,  1 9 7 3 ) .  Tha t  i s ,  t h e  r e s e r v e  
e c o n o m i c a l l y  j u s t i f i e d  c o s t  o f  e x t r a c t i o n  i n  t h i s  r e g i o n  i s  9  r u b l e s  
t o  11 r u b l e s ;  t h e  r e s e r v e  o f  economic s t a b i l i t y  i s  from 6 t o  9  r u b l e s .  
I f  t h e  r e s o u r c e s  and demand f o r  a  f u e l  a r e  known, t h e  
f o l l o w i n g  f a c t o r s  a r e  d e c i s i v e  i n  t h e  f o r m a t i o n  o f  a  s y s t e m  
of  m a r g i n a l  c o s t  o f  f u e l :  
1 )  l e v e l  o f  d i r e c t  c o s t s  o f  e x t r a c t i o n  o f  s o - c a l l e d  
m a r g i n a l  f u e l  o f  t h e  c o u n t r y ,  
2 )  d i r e c t i o n  o f  r a t i o n a l  f u e l  t r a n s p o r t  o r  e n e r g y  t r a n s -  
m i s s i o n  and c o s t s  of  t r a n s p o r t  i n  t h i s  d i r e c t i o n ,  and 
3 )  a  c o m p a r a t i v e  economics o f  u t i l i z a t i o n  o f  i n d i v i d u a l  
e n e r g y  c a r r i e r s  by v a r i o u s  c a t e g o r i e s  of  consumers .  
By t h e  m a r g i n a l  f u e l  o f  t h e  c o u n t r y  we mean t h e  f u e l  f rom t h o s e  
b a s i n s  and d e p o s i t s  which ,  i n  t o t a l ,  a r e  a b l e  t o  compensate  
f o r  v a r i a t i o n s  i n  t h e  volume o f  e n e r g y  consumption o r  i n  t h e  
economic r e s o u r c e s  o f  e n e r g y  f o r  a  whole c o u n t r y ;  and e v e r y  t y p e  
of m a r g i n a l  f u e l  i n  a  c o u n t r y  can  compensate  f o r  v a r i a t i o n s  i n  
a t  l e a s t  a  g r o u p  o f  r e g i o n s  (see Main M e t h o d o l o q i c a l  I n s t r u c t i o n s ,  
1973) . 
The marginal functions can be fulfilled only by those 
resources in which, at a given period, the technically possible 
output exceeds the consumption in an optimized energy balance, 
and the resources available and the quality of the fuel are 
sufficient to meet the requirements of a rather broad spectrum 
of consumers, at least for electric power plants. Thus the marginal 
fuel of the country does not include fuel from local sources: 
peat, wood, coal deposits of local value, etc. 
To estimate fuel consumption to allocate production quotas 
for regional plants, the intraregional differences in consumer 
fuel estimates depend entirely on rationally directed transport 
costs. The most probable direction of fuel transport or energy 
transmission in the Soviet Union will be from the eastern region 
of the country to the European part. The costs of fuel transport 
in this direction will determine the interregional differences 
in the marginal cost of fuel in the USSR (see Table 1 ) .  
For example, we transport natural gas from the Komi region 
to the Volga basin. The difference is equal to the cost of transport. 
We transport hard coal from the Krasnajask region to the Volga 
basin. The difference is the transport cost. We have a 
different quality of coal and gas (oil) from the point of view 
of combustion. In some regions the differences between estimates 
of hard coal and natural gas amount to three or more rubles and 
the differences depend on the combustion costs in so-called 
marginal combustion installations. 
An analysis of the system of dual estimates of the optimum 
plan has revealed that the differences in the estimates of 
qualitatively different types of fuel are determined by the 
effect of utilizing a higher-quality fuel by, from the efficiency 
viewpoint, a marginal consumer. This value is determined by 
the formula 
where 
z1 zn  - the cost of combustion of fuel types I and I1 
cr C (rubles/tons of 7,000 kcal/kg fuel) ; 
I llc, q - the combustion efficiency of the fuels concerned; 
and 
n 
zT - the marginal cost of fuel type 11. 
It is evident from calculations that in the USSR the marginal 
consumers of high-quality fuels (natural gas, oil) in the 
European part of the country are condensation electric power 
stations, while in Siberia they are boiler-electric power plants. 
Table 1. Marginal costs of fuel1 in some regions of the USSR in 1975-1980, 2 
rubleslton of 7,000 kcallkg fuel. 
' ~ 1 1  calculations were completed before the recent energy crises, and now these estimates 
are higher. 
Region 
1. Northwest 
2. iiomi SR 
3. Northern Caucasus 
4. Volga Basin 
5. Southern Urals 
6. Novosibirsk 
7. Krasnoyarsk territory 
8. Primorsk territory 
9. Western Ukraine 
10. Byelorussia, Lithuania 
11. Georgia 
12. Uzbekistan 
Z All the figures are based o n  Main M e t h o d o l o ~ i c a l  Instruction for Utilization of the 
Marginal Cost of Fuel and Electric Energy (1973). 
Natural 
Gas 
23-26 
17-20 
21-23 
21-23 
19-21 
15-18 
- 
- 
23-26 
24-27 
21-24 
Oil 
22-25 
16-19 
20-22 
20-22 
17-20 
14-17 
15-17 
19-21 
22-25 
23-26 
20-23 
15-17 1 14-16 
Brown Coal from 
Kansk-Achinsk 
- 
- 
- 
- 
- 
8-10 
2.5-3.5 
- 
- 
- 
- 
Hard Coal 
- 
Out-of-mine 
22-24 
14-16 
20-22 
19-21 
15-17 
10-13 
i0-12 
16-18 
21-23 
22-24 
21-23 
14- 16 
Sized 
23-25 
15-18 
21-23 
20-22 
16-19 
12 - 14 
12-13 
17-19 
22-24 
23-25 
22-24 
15-18 
In the former, coal combustion costs about 3 rubles more and 
in the latter 4 rubles to 5 rubles more as compared with gas 
or oil combustion. 
The system of fuel estimating for consumers (marginal 
cost of fuel) is rigidly associated with the system of estimating 
fuel extraction. The maximum attainable cost in a mining 
region is related to the real costs of extraction of a fuel as 
follows : 
where 
z - the economically justified cost of extraction of a 
O given field; 
z - the real cost of extraction of a given fuel; and 
C 
Ri - the i-type rent, which generally includes a mining 
rent, a rent of location, and a rent determined by 
the quality of a fuel. If the marginal fuel of the 
country is replaced by a given fuel, one has 
"i j 
Ri = C: - A .  . max cyx 
17 
c max 
where Ci and Ci are the costs of extraction, transport, and 
consumption of the fuel concerned and of the marginal fuel of 
the country, respectively. 
Thus, an estimate of the fuel extracted is the sum of 
three rents--a mining rent, a transport rent, and a rent deter- 
mined by the quality of a fuel (see Table 2). The magnitude of 
the rent serves a criterion of the efficiency of extraction of 
a fuel. According to calculations (see Albegov, 19681, under 
the conditions assumed, the following fuel estimates were obtained. 
A knowledge of the fuel rent estimating system helps in 
making correct decisions not only in the fuel industry but in 
solving other power problems of values as, for example, in 
choosing a type of drive in gas line compressor stations, in 
determining rational losses in power transmission lines, etc. 
The fuel estimating system is applicable to power economy 
calculations provided the system is not very sensitive to 
variations in the initial data. The influences of natural and 
social economic uncertainties and accidental factors make 
solving optimization problems necessary (and hence, defining 
fuel estimating systems) under the conditions of uncertainty. 
At present a possibility of deriving power-economy solutions 
under such conditions is being investigated (see Makarov and 
Melentiev, 1973) . 




































































































































































































































































































































































































































































































































































































































